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MECHANICS. 

(PART   1.) 


MATTER  AND  ITS  PROPERTIES. 

1799.  Matter  is  anything  that  occupies  space.  It  is 
the  substance  of  which  all  bodies  are  composed.  Matter  is 
composed  of  molecules  and  atoms. 

1800«  A  molecule  is  the  smallest  portion  of  matter 
than  can  exist  without  changing  its  nature. 

1801.  An  atom  is  an  indivisible  portion  of  matter. 
Atoms  unite  to  form  molecules,  and  a  collection  of  mole- 
cules form  a  mass  or  body. 

A  drop  of  water  may  be  divided  and  subdivided,  until 
each  particle  is  so  small  that  it  can  only  be  seen  by  the  most 
powerful  microscope,  but  each  particle  will  still  be  water. 
Now,  imagine  the  division  to  be  carried  on  still  further,  until 
a  limit  is  reached  beyond  which  it  is  impossible  to  go  with- 
out changing  the  nature  of  the  particle.  The  particle  of 
water  is  now  so  small  that,  if  it  be  divided  again,  it  will 
cease  to  be  water,  and  will  be  something  else;  we  call  this 
particle  a  molecule. 

If  a  molecule  of  water  be  divided,  it  will  yield  two  atoms 
of  hydrogen  gas,  and  one  of  oxygen  gas.  If  a  molecule  of 
sulphuric  acid  be  divided,  it  will  yield  two  atoms  of  hydro- 
gen, one  of  sulphur,  and  four  of  oxygen. 

It  has  been  calculated  that  the  diameter  of  a  molecule 
is  larger  than  iggoo^ooooo  ^^  ^^  inch,  and  smajler  than 
goooloooo  of  ^^  i^^ch. 

1 802.  Bodies  are  composed  of  collections  of  molecules. 
Matter  exists  in  three  conditions  or  forms :  solid^  liquid^  and 
gaseous. 

§16 
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1803«  A  solid  body  is  one  whose  molecules  change 
their  relative  positions  with  great  difficulty ;  as  iron,  wood, 
stone,  etc. 

1804.  A  liquid  body  is  one  whose  molecules  tend  to 
change  their  relative  positions  easily.  Liquids  readily  ac^pt 
themselves  to  the  vessel  which  contains  them,  and  their 
upper  surface  always  tends  to  become  perfectly  level. 
Water,  mercury,  molasses,  etc.,  are  liquids. 

1805.  A  saseous  body,  or  gas,  is  one  whose  mole- 
cules tend  to  separate  from  one  another;  as  air,  oxygen, 
hydrogen,  etc. 

Gaseous  bodies  are  sometimes  called  aeriform  (air-like) 
bodies.  They  are  divided  into  two  classes — the  so-called 
^^ permanent'' gases  and  vapors, 

A  permanent  sas  is  one  which  remains  a  gas  at  ordi- 
nary temperatures  and  pressures. 

A  vapor  is  a  body  which,  at  ordinary  temperatures,  is  a 
liquid  or  solid,  but,  when  heat  is  applied,  becomes  a  gas,  as 
steam. 

1 806.  One  body  may  be  in  all  three  states ;  as,  for  ex- 
ample, mercury,  which  at  ordinary  temperatures  is  a  liquid, 
becomes  a  solid  (freezes)  at  40°  below  zero,  and  a  vapor 
(gas)  at  G00°  above  zero.  By  means  of  great  cold,  all  gases, 
even  hydrogen,  have  been  liquefied,  and  some  solidified. 

By  means  of  heat,  all  solids  have  been  liquefied,  and  a  great 
many  vaporized.  It  is  probable  that,  if  we  had  the  means 
of  producing  sufficiently  great  extremes  of  heat  and  cold,  all 
solids  might  be  converted  into  gases,  and  all  gases  into 
solids. 

1 807.  Every  portion  of  matter  possesses  certain  quali- 
ties c2i\\Q(\  properties.  Properties  of  matter  are  divided  into 
two  classes,  general  and  speeial. 

General  properties  of  matter  are  those  which  are 
common  to  all  bodies.  They  are  as  follows:  Extension^ 
impenetrability y  weighty   indestructibiiity,  inertia,  mobility^ 
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divisibility^  porosity^  compressibility^  expansibility,  and  elaS" 
ticity. 

1808«  Extension  is  the  property  of  occupying  space. 
Since  all  bodies  must  occupy  space,  it  follows  that  extension 
is  a  general  property. 

By  impenetrability  we  mean  that  no  two  bodies  can 
occupy  exactly  the  same  space  at  the  same  time. 

1809.  Weight  is  the  measure  of  the  earth's  attraction 
upon  a  body.  All  bodies  have  weight.  In  former  times  it 
was  supposed  that  gases  had  no  weight,  since,  if  uncon- 
fined,  they  tend  to  move  away  from  the  earth,  but,  never- 
theless, they  will  finally  reach  a  point  beyond  which  they 
can  not  go,  being  held  in  suspension  by  the  earth's  attrac- 
tion. Weight  is  measured  by  comparison  with  a  standard. 
The  standard  is  a  bar  of  platinum  owned  and  kept  by  the 
Government ;  it  weighs  one  pound. 

1810.  Inertia  means  that  a  body  can  not  put  itself  in 
motion  nor  bring  itself  to  rest.  To  do  either,  it  must  be 
acted  uj>on  by  some  force. 

181  !•  Mobility  means  that  a  body  can  be  changed  in 
position  by  some  force  acting  upon  it. 

1812*  Divisibility  is  that  property  of  matter  which 
indicates  that  a  body  may  be  separated  into  parts. 

1813*  Porosity  is  that  property  of  matter  which  in- 
dicates that  there  is  space  between  the  molecules  of  a  body. 
Molecules  of  a  body  are  supposed  to  be  spherical,  and,  hence, 
there  is  space  between  them,  as  there  would  be  between 
peaches  in  a  basket.  The  molecules  of  water  are  larger  than 
those  of  salt;  so  that  when  salt  is  dissolved  in  water,  its 
molecules  wedge  themselves  between  the  molecules  of  the 
water,  and  unless  too  much  salt  is  added,  the  water  will 
occupy  no  more  space  than  it  did  before.  This  does  not 
prove  that  water  is  penetrable,  for  the  molecules  of  salt 
occupy  the  space  that  the  molecules  of  water  did  not. 
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Water  has  been  forced  through  iron  by  pressure,  thus 
proving  that  iron  is  porous. 

1814.  Coiiipre»»ibility  is  that  property  of  matter 
which  indicates  that  the  molecules  of  a  body  may  be  crowded 
nearer  together,  so  as  to  occupy  a  smaller  space. 

1 8 1 5«  Kxpansibility  is  that  property  of  matter  which 
indicates  that  the  molecules  of  a  body  may  be  forced  apart,  so 
as  to  occupy  a  greater  space. 

1816.  Elasticity  is  that  property  of  matter  which  in- 
dicates that  if  a  body  be  distorted  within  certain  limits,  it 
will  resume  its  original  form  when  the  distorting  force  is  re- 
moved.    Glass,  ivory,  and  steel  are  very  elastic. 

1817.  Indestructibility  indicates  that  matter  can 
never  be  destroyed.  A  body  may  undergo  thousands  of 
changes;  be  resolved  into  its  molecules,  and  its  molecules 
into  atoms,  which  may  unite  with  other  atoms  to  form  other 
molecules  and  bodies  entirely  different  from  the  original 
body,  but  the  same  number  of  atoms  remain.  The  whole 
number  of  atoms  in  the  universe  is  exactly  the  same  now  as 
it  was  millions  of  years  ago,  and  will  always  be  the  same. 
Matter  is  indesiruciihle. 

1818.  Special  properties  are  those  which  are  not 
possessed  by  all  bodies.  Some  of  the  most  important  are  as 
follows  :  Hardness^  tenacity^  brittlcncss^  malleability^  and 
duetility. 

1819.  Hardness  is  that  property  of  matter  which  in- 
dicates that  some  bodies  may  scratch  other  bodies.  Fluids 
and  gases  do  not  possess  hardness.  The  diamond  is  the 
hardest  of  all  substances. 

1820.  Tenacity  is  that  property  of  matter  which  in- 
dicates that  some  bodies  resist  a  force  tending  to  pull  them 
apart.     Steel  is  very  tenacious. 

1821.  Brittleness  is  that  property  of  matter  which 
indicates  that  some  bodies  are  easily  broken;  as  glass, 
crockery,  etc. 
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1822.  Malleability  is  that  property  of  matter  which 
indicates  that  some  bodies  may  be  hammered  or  rolled  into 
sheets.     Gold  is  the  most  malleable  of  all  substances. 

1 823.  Ductility  is  that  property  of  matter  which  in- 
dicates that  some  bodies  may  be  drawn  into  wire.  Platinum 
is  the  most  ductile  of  substances. 


MOTION  AND   VELOCITY. 

182'4«  Motion  is  the  opposite  of  rest,  and  indicates  a 
changing  of  position  in  relation  to  some  object.  If  a  large 
stone  is  rolled  down  hill,  it  is  in  motion  in  relation  to  the 
hill. 

If  a  person  is  on  a  railway-train,  and  walks  in  the  opposite 
direction  from  that  in  which  the  train  is  moving,  and  with 
the  same  speed,  he*  will  be  in  motion  as  regards  the  train, 
but  at  rest  with  respect  to  the  earth,  since,  until  he  gets  to 
the  end  of  the  train,  he  will  be  directly  over  the  spot  at 
which  he  was  when  he  started  to  walk. 

1825*  The  patti  of  a  body  in  motion  is  the  line  de- 
scribed by  its  central  point.  No  matter  how  irregular  the 
shape  of  the  body  may  be,  nor  how  many  turns  and  twists 
it  may  make,  the  line  which  indicates  the  direction  of  the 
center  of  the  body  for  every  instant  that  it  was  in  motion  is 
the  path  of  the  body. 

1826*  Velocity  is  rate  of  motion.  It  is  measured  by 
a  unit  of  space  passed  over  in  a  unit  of  time.  When  equal 
spaces  are  passed  over  in  equal  times,  the  velocity  is  said  to 
be  uniform.  In  all  other  cases,  it  is  variable. 
-  If  the  fly-wheel  of  an  engine  keeps  up  a  constant  speed  of 
a  certain  number  of  revolutions  per  minute,  the  velocity  of 
any  point  is  uniform.  A  railway-train  having  a  constant 
speed  of  40  miles  per  hour  moves  40  miles  every  hour,  or 
1^  =  I  of  a  mile  every  minute,  and  since  equal  spaces  are 
passed  over  in  equal  times,  the  velocity  is  imiform. 

1827.  To  find  the  uniform  velocity  which  a  body  must 
have  to  pass  over  a  certain  distance  or  space  in  a  given  time  : 
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Rule. — Divide  the  distance  by  the  time. 

Let  s  =  distance  traveled  by  moving  body; 
V  =  uniform  velocity  of  body ; 
/  =  the  time. 

Then,  ^  =  7*  ^^^'^ 

Example. — The  piston  of  a  steam-engine  travels  8,000  feet  in  5  min- 
utes; what  is  its  velocity  in  feet  per  minute  ? 

Solution. — Here  8,000  feet  is  the  distance,  and  5  minutes  is  the  time. 
Applying  formula  90, 

S        3.000        ac^f^€     ^  •       *  a 

V  =.  —  •=  — = —  =  600  feet  per  mmute.     Ans. 

Caution. — Before  applying  the  above  or  any  of  the  succeeding 
rules,  care  must  be  taken  to  reduce  the  values  given  to  the  denomina- 
tions required  in  the  answer.  Thus,  had  the  velocity  been  required  to 
have  been  in  feet  per  second  instead  of  feet  per  minute  in  the  abovo 
example,  the  5  minutes  should  first  be  reduced  to  seconds  before  divi- 
ding. The  operation  would  then  have  been  5  min.  =  5  X  60  =  800  sec. 
Then,  according  to  the  formula, 

V  —  3,000  -^  800  =  10  ft.  per  sec.     Ans. 

Had  the  velocity  been  required  in  inches  per  second,  it 

would  have  been  necessary  to  reduce  the  3,000  feet  to  inches 

and  the  5  minutes  to  seconds  before  dividing.     Thus,  3,000 

ft.  X  12  =  36,000  in.     5  min.  X  60  =  300 sec.    Now,  applying 

the  formula, 

36,000        ^^^.  . 

oOO 

Example. — A  railroad-train  travels  50  miles  in  \\  hours;  what  is  its 
average  velocity  in  feet  per  second  ? 

Solution. — Reducing  the  miles  to  feet  and  the  hours  to  seconds, 
50  miles  X  5,280  =  264,000  ft.     1  \  hours  X  60  X  60  =  5,400  sec.     Apply- 

ing  formula  90, 

264,000      ,^.  ^ 
^  =    g  ^iw^    =  485  ft.  per  sec.     Ans. 
5,400  • 

1828.  To  find  the  distance  which  a  body  would  travel 
in  a  given  time  with  a  given  velocity : 

Rule. — Multiply  the  velocity  by  the  tinu\ 
or  s  =  vt.  (91«) 


g  16  MECHANICS.  7 

ExAMPLK. — The  velocity  of  sound  in  still  air  is  1,092  feet  per  second: 
how  many  miles  will  it  travel  in  16  seconds  ? 

Solution. — Reducing  the  1,093  ft  to  miles,  the  velocity  is 

1,0«2     .,  , 

^ijrsjr  mile  per  second. 
5,2oU 

Applying  formula  &1, 

1  092 
s=zv  t  —  R^oQA  X  16  =  8.81  miles,  nearly.    Ana. 

Example. — The  piston  speed  of  an  engine  is  11  ft.  per  sec ;  how 
many  miles  does  the  piston  travel  in  1  hour  and  15  minutes  ? 

Solution. —  1  hour  and  15  minutes  reduced  to  seconds  =  4,500 
seconds  •=.  the  time.  11  feet  reduced  to  miles  =  jt-^ti  niile  =  velocity  in 
miles  per  second.     Applying  the  formula, 

s  =  r7>5A  X  4,600  =  9.375  miles.     Ans. 
0,2scHI 

1829«  To  find  the  time  it  will  take  a  body  to  move 
through  a  given  distance  with  a  given  uniform  velocity: 

Rule. — Divide  the  distance^  or  space  passed  over^  by  the 
velocity. 

t  =  i.  (92.) 

Example. — Suppose  that  the  radius  of  the  crank  of  a  steam-engine 
is  15  inches  and  that  the  shaft  makes  120  revolutions  per  minute,  how 
long  will  it  take  the  crank-pin  to  travel  18,849.6  feet  ? 

Solution. — Since  the  radius,  or  distance  from  the  center  of  the 
shaft  to  the  center  of  the  crank-pin,  is  15  in.,  the  diameter  of  the  circle 
it  moves  in  is  15  in.  X  2  =  80  in.  =2.5  ft.  The  circumference  of  this 
circle  is  2.5  X  3.1416  =  7.854  ft.  7.854  X  120  =  942.48  ft.,  distance  that 
the  crank-pin  travels  in  one  minute  =  velocity  in  feet  per  minute. 
Applying  the  formula, 

.      s       18,849.6       -.      .         . 
/  =  —  =    ..,^  .^    =  20  mm.     Ans. 
V        942.48 

Example. — A  point  on  the  rim  of  an  engine  fly-wheel  travels  at  the 
rate  of  150  feet  per  second ;  how  long  will  it  take  to  travel  45,000  feet  ? 

Solution. — Using  formula  92, 

.     45,000       Q^  K     •         A 

/  =    ^.^    =  800  sec  =  5  mm.     Ans. 

lOU 
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Rule. — Divide  the  distance  hv  the  time. 

Let  s  =  distance  traveled  by  moving  body; 
V  =  uniform  velocity  of  body ; 
/  =  the  time. 

Then,  v  =  j,  (90.) 

Example. — The  piston  of  a  steam-engine  travels  8,000  feet  in  5  min- 
utes; what  is  its  velocity  in  feet  per  minute  ? 

Solution. — Here  3,000  feet  is  the  distance,  and  5  minutes  is  the  time. 
Applying  formula  90, 

7/  =  --  =  -V—  =  600  feet  per  minute.     Ans. 

Caution. — Before  applying  the  above  or  any  of  the  succeeding 
rules,  care  must  be  taken  to  reduce  the  values  given  to  the  denomina- 
tions required  in  the  answer.  Thus,  had  the  velocity  been  required  to 
have  been  in  feet  per  second  instead  of  feet  per  minute  in  the  above 
example,  the  5  minutes  should  first  be  reduced  to  seconds  before  divi- 
ding. The  operation  would  then  have  been  5  min.  =  5  X  60  =  800  sec 
Then,  according  to  the  formula, 

2/  =  3,000  +  300  =  10  ft.  per  sec.     Ans. 

Had  the  velocity  been  required  in  inches  per  second,  it 
would  have  been  necessary  to  reduce  the  3,000  feet  to  inches 
and  the  5  minutes  to  seconds  before  dividing.  Thus,  3,000 
ft.  X  12  =  30,000  in.     5  min.  X  60  =  300  sec.    Now,  applying 

the  formula, 

30,000        ^  ,^  .  . 

2'  =  — '         =  120  m.  per  sec.     Ans. 

tJUU 

Example. — A  railroad-train  travels  50  miles  in  1^  hours;  what  is  its 
average  velocity  in  feet  per  second  ? 

Solution. — Reducing  the  miles  to  feet  and  the  hours  to  seconds, 
50  miles  X  5,280  =  264,000  ft.  1 A  hours  X  60  X  60  =  5,400  sec.  Apply- 
ing formula  90, 

264.000       ^^^  ^ 
7/  =  -..-  r  ■--    =482  ft.  ixjr  sec.     Ans. 
0,400  ''        ' 

1828.  To  find  the  distance  which  a  body  would  travel 
in  a  given  time  with  a  given  velocity: 

Rule. — Multiply  the  velocity  by  tJie  time^ 
or  szzzvt.  (91.) 
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ExAVPLK. — The  velocity  of  sound  in  still  air  is  1,092  feet  per  second: 
how  many  miles  will  it  travel  in  16  seconds  ? 

Solution. — Reducing  the  1,093  ft  to  miles,  the  velocity  is 

1,092 


5.280 


mile  per  second. 


Applying  formula  91, 

1  092 
J  =  -z/  /  =    *       X  16  =  8.81  miles,  nearly.    Ana. 

Example. — The  piston  speed  of  an  engine  is  11  ft.  per  sec ;  how 
many  miles  does  the  piston  travel  in  1  hour  and  15  minutes  ? 

Solution. —  1  hour  and  15  minutes  reduced  to  seconds  =  4,500 
seconds  =  the  time.  11  feet  reduced  to  miles  =  ^^  mile  =  velocity  in 
miles  per  second.     Applying  the  formula, 

^  =  rooJi  X  4,500  =  9.375  miles.     Ans. 

1829.  To  find  the  time  it  will  take  a  body  to  move 
through  a  given  distance  with  a  given  uniform  velocity: 

Rule. — Divide  the  distance^  or  space  passed  over^  by  the 
velocity. 

t  =  i.  (92.) 

Example. — Suppose  that  the  radius  of  the  crank  of  a  steam-engine 
is  15  inches  and  that  the  shaft  makes  120  revolutions  per  minute,  how 
long  will  it  take  the  crank-pin  to  travel  18,849.6  feet  ? 

Solution. — Since  the  radius,  or  distance  from  the  center  of  the 
shaft  to  the  center  of  the  crank-pin,  is  15  in.,  the  diameter  of  the  circle 
it  moves  in  is  15  in.  X  2  =  80  in.  =2.5  ft.  The  circumference  of  this 
circle  is  2.5  X  3.1416  =  7.854  ft.  7.854  X  120  =  942.48  ft.,  distance  that 
the  crank-pin  travels  in  one  minute  =  velocity  in  feet  per  minute* 
Applying  the  formula, 

.      s       18,849.6       Q.      .         . 
/  =  —  =    ...^  .„    =  20  mm.     Ans. 
V        942.48 

Example. — A  point  on  the  rim  of  an  engine  fly-wheel  travels  at  the 
rate  of  150  feet  per  second ;  how  long  will  it  take  to  travel  45,000  feet  ? 

Solution. — Using  formula  92, 

45,000      o^^  . 

/  =    ^.^  ■  =  800  sec.  =  5  mm.     Ans. 
loU 
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BXAMPLBS  FOR  PRACTICB. 

1.    A  locomotive  has  drivers  80  inches  in  diameter.    If  they  make 
revolutions  per  minute,  what  is  the  velocity  of  the  train  in  (a)  feet 


per  second  ?  (d)  miles  per  hour  ?  *       j  (a)  102.277  ft.  per  sec. 

'i  (d)    00.734  mi.  per  hr. 

2.  Assuming  the  velocity  of  steam  as  it  enters  the  cylinder  to  be 
900  feet  per  second,  how  far  could  it  travel,  if  unobstructed,  during  the 
time  the  fly-wheel  of  an  engine  revolved  7  times,  if  the  number  of 
revolutions  per  minute  were  120  ?  Ans.  3,150  ft. 

3.  The  average  speed  of  the  piston  of  an  engine  is  528  feet  per 
minute ;  how  long  will  it  take  the  piston  to  travel  4  miles  ? 

Ans.  40  min. 

4.  A  speed  of  40  miles  per  hour  equals  how  many  feet  per  second  ? 

Ans.  58|ft. 

6.  The  earth  turns  around  once  in  24  hours.  If  the  diameter  be 
taken  as  8,000  miles,  what  is  the  velocity  of  a  point  on  the  earth  in 
miles  per  minute  ?  Ans.     17.45^  mi.  per  min. 

6.  The  stroke  of  an  engine  is  23  inches.  If  the  engine  makes  11,400 
strokes  per  hour,  (a)  what  is  its  .speed  in  feet  per  minute  ?  (d)  How  far 
will  this  piston  travel  in  11  minutes  ?  x       j  (a)  443^  ft.  per  min. 

'  (  (d)  4.876  ft  8  in. 


FORCE. 


NEWTON'S  I.A\VS  OF  MOTION. 

1830*  A  force  is  that  which  produces,  or  tends  to 
produce  or  destroy,  motion.  Forces  are  called  by  various 
names,  according  to  the  effects  which  they  produce  upon  a 
body,  as  attraction^  repulsion^  cohesion^  adhesion^  accelcra- 
titig  iovcQ^  retarding  iorcc^  resisting  force,  etc.,  but  all  are 
equivalent  to  a  push  or  pull,  according  to  the  direction  in 
which  they  act  upon  a  body. 

1831.  That  the  effect  of  a  force  upon  a  body  may  be 
compared  with  another  force,  it  is  necessary  that  three 
conditions  be  fulfilled  in  regard  to  both  bodies.  They  are 
as  follows: 

1.  The  point  of  application,  or  point  at  which  the  force 
acts  upon  the  body^  must  be  known. 
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2.  The  directum  of  the  force^  or,  what  is  the  same  things 
tJie  straight  line  along  which  the  force  tends  to  move  t lie  point 
of  application^  must  be  known, 

3.  The  magnitude  or  value  of  the  force y  ivlun  compared 
with  a  given  standard,  must  be  known. 

The  unit  of  magnitude  of  forces  will  always  be  taken  as 
one  pound,  and  all  forces  will  be  spoken  of  as  a  certain  num- 
ber of  pounds. 

1 832.  In  practice,  force  is  always  regarded  as  a  pres- 
sure; that  is,  a  force  may  always  be  replaced  by  an  equiva- 
lent weight.  Thus,  a  force  of  20  lb.  acting  upon  a  body  is 
regarded  as  a  pressure  of  20  lb.  produced  by  a  weight  of  20 
lb.  The  tendency  of  a  force  is  always  to  produce  motion 
in  the  direction  in  which  it  acts.  The  resistance  may  be 
too  great  to  cause  motion,  but  it  always  tends  to  produce  it. 

1833.  The  fundamental  principles  of  the  relations 
between  force  and  motion  were  first  stated  by  Sir  Isaac 
Newton.  They  are  called  **  Newton's  Three  Laws  of  Mo- 
tion," and  are  as  follows: 

I.  All  bodies  continue  in  a  state  of  rest,  or  of  uniform 
motion  in  a  straight  line,  unless  acted  upon  by  some  external 
force  that  compels  a  change, 

II.  Every  motion  or  change  of  motion  is  proportional  to 
the  acting  force,  and  takes  place  in  the  directioji  of  the 
straight  line  along  which  the  force  acts, 

III.  To  every  action  there  is  always  opposed  an  equal  a?td 
contrary  reaction. 

1 834.  In  the  first  law  of  motion  it  is  stated  that  a  body 
once  set  in  motion  by  any  force,  no  matter  how  small,  will 
move  forever  in  a  straight  line,  and  always  with  the  same 
velocity,  unless  acted  upon  by  some  other  force  which  com- 
pels a  change.  It  is  not  possible  to  actually  verify  this  law, 
on  account  of  the  earth's  attraction  for  all  bodies,  but 
from  astronomical  observations,  we  are  certain  that  the  law 
is  true.     This  law  is  often  called  the  law  of  inertia. 


{ 
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1835*  The  word  Inertia  is  so  abused  that  a  full  under- 
standing of  its  meaning  is  necessary.  Inertia  is  not  a 
force,  although  it  is  often  so  called.  If  a  force  acts  upon  a 
body  and  puts  it  in  motion,  the  effect  of  the  force  is  stored 
in  the  body,  and  a  second  body,  in  stopping  the  first,  will 
receive  a  blow  equal  in  every  respect  to  the  original  force, 
assuming  that  there  has  been  no  resistance  of  any  kind  to 
the  motion  of  the  first  body. 

It  is  dangerous  for  a  person  to  jump  from  a  fast-moving 
train,  for  the  reason  that,  since  his  body  has  the  same  ve- 
locity as  the  train,  it  has  the  same  force  stored  in  it  that 
would  cause  a  body  of  the  same  weight  to  take  the  same 
velocity  as  the  train,  and  the  effect  of  a  sudden  stoppage  is 
the  same  as  the  effect  of  a  blow  necessary  to  give  the  person 
that  velocity. 

By  ** bracing"  himself  and  jumping  in  the  same  direction 
that  the  train  is  moving,  and  running,  he  brings  himself 
gradually  to  rest;  and  thus  reduces  the  danger.  If  a  body 
is  at  rest,  it  must  be  acted  upon  by  a  force  in  order  to  be. put 
in  motion,  and  no  matter  how  great  the  force  may  be,  it 
can  not  be  instantly  put  in  motion. 

The  resistance  thus  offered  to  being  put  in  motion  is 
commonly,  but  erroneously,  called  the  resistance  of  inertia. 
It  should  be  called  the  resistance  diie  to  inertia, 

1 836*  From  the  second  law^  it  is  seen  that,  if  two  or 
more  forces  act  upon  a  body,  their  final  effect  upon  the  body 
will  be  in  proportion  to  their  magnitude  and  to  the  direc- 
tions in  which  they  act.  Thus,  if  the  wind  is  blowing  due 
west,  with  a  velocity  of  50  miles  per  hour,  and  a  ball  is 
thrown  due  north  with  the  same  velocity,  or  50  miles  per 
hour,  the  wind  will  carry  the  ball  just  as  far  west  as  the 
force  of  the  throw  carried  it  north,  and  the  combined 
effect  will  be  to  cause  it  to  move  northwest.  The  amount 
of  departure  from  due  north  will  be  proportional  to  the 
force  of  the  wind,  and  independent  of  the  velocity  due  to 
the  force  of  the  throw. 
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1 837.  In  Fig.  687,  a  ball  e  is  supported  in  a  cup,  the 
bottom  of  which  is  attached  to  the  lever  o  in  such  a  manner 
that  a  movement  of  o 
will  swing  the  bottom 
horizontally  and  allow 
the  ball  to  drop. 
Another  ball  b  rests  in 
a  horizontal  groove  that 
is  provided  with  a  slit 
in  the  bottom.  A 
swinging  arm  is  actu- 
ated by  the  spring  d 
in  such  a  manner  that, 
when  drawn  back  as 
shown  and  then  re- 
leased, it  will  strike 
the  lever  o  and  the  ball 
b  at  the  same  time. 
This  gives  b  an  im- 
pulse in  a  horizontal 
direction  and  swings  o 
so  as  to  allow  c  to  fall. 

On  trying  the  experi- 
ment, it  is  found  that  b 
follows  a  path  shown 
by  the  curved  dotted 
line,  and  reaches  the 
floor  at  the  same  instant 
as  e,  which  drops  verti- 
cally. This  shows  that 
the  force  which  gave 
the  first  ball  its  hori- 
zontal movement  had 
no  effect  on  the  vertical  force  which  compelled  both  balls 
to  fall  to  the  floor,  the  vertical  force  producing  the  same 
effect  as  if  the  horizontal  force  had  not  acted.  The  second 
law  may  also  be  stated  as  follows:  A  force  has  the  same 
effect  in  producing  motion,  whether  it  acts  upon  a   body  at 
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rest  or  in  motion^  and  whether  it  acts  alone  or  with  other 
farces. 

1838.  The  third  law  states  that  action  and  reaction 
are  equal  and  opposite.  A  man  can  not  lift  himself  by  his 
boot-straps,  for  the  reason  that  he  presses  downwards  with 
the  same  force  that  he  pulls  upwards ;  the  downward  reac- 
tion equals  the  upward  action,  and  is  opposite  to  it. 

In  springing  from  a  boat,  we  must  exercise  caution,  or  the 
reaction  will  drive  the  boat  from  the  shore.  When  we  jump 
from  the  ground,  we  tend  to  push  the  earth  from  us,  while 
the  earth  reacts  and  pushes  us  from  it. 

Example. — Two  men  puU  on  a  rope  in  opposite  directions,  each 
exerting  a  force  of  100  pounds;  what  is  the  force  which  the  rope 
resists  ? 

Solution. — Imagine  the  rope  to  be  fastened  to  a  tree,  and  one 
man  to  pull  with  a  force  of  100  pounds.  The  rope  evidently  resists 
100  pounds.  According  to  Newton*s  third  law,  the  reaction  of  the  tree 
is  also  100  pounds.  Now,  suppose  the  rope  to  be  slackened,  but  that 
one  end  is  still  fastened  to  the  tree,  and  the  second  man  to  take  hold  of 
the  rope  near  the  tree,  and  puU  with  a  force  of  100  pounds,  the  first 
man  puUing  as  before.  The  resistance  of  the  rope  is  100  pounds,  as 
before,  since  the  second  man  merely  takes  the  place  of  the  tree.  He 
ts  obliged  to  exert  a  force  of  KO  pounds  to  keep  the  rope  from  slipping 
through  his  fingers.  If  the  rope  be  passed  around  the  tree  and  each 
man  pulls  an  end  with  a  force  of  100  {)ounds  in  the  same  and  parallel 
directions,  the  stress  in  the  rope  is  100  pounds,  as  before,  but  the  tree 
must  resist  the  pull  of  both  men,  or  200  pounds. 

1839*  A  force  may  be  represented  by  a  line;  thus,  in 
Fig.  588,  let  A  be  Xh^t point  of  application  of  the  force;  let 

the  length  of  the  line  A  B  represent  its 

*  ^  magnitude^  and  let  the  arrow-head  indicate 

Fig.  WW.  the  direction  in  which  the  force  acts;  then 

the  line  A  7>  fulfils  the  three  conditions  (see  Art.  1831), 

and  the  force  is  fully  represented. 


CENTER    OF    GRAVITY. 
1840.     The  center  of  gravity  of  a  body  is  that  point 
at  which  the   body  may  be  balanced,  or  it  is  the  point  at 
which  the  whole  weight  of  a  body  may  be  considered  as 
concentrated. 
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1841.  In  a  moving  body,  the  line  described  by  its 
center  of  gravity  is  always  taken  as  the  path  of  the  body. 
In  finding  the  distance  that  a  body  has  moved,  the  distance 
that  the  center  of  gravity  has  moved  is  taken. 

The  definition  of  the  center  of  gravity  of  a  body  may  be 
applied  to  a  system  of  bodies,  if  they  are  considered  as  being 
connected  at  their  centers  of  gravity. 

1842*  If  «'  and  IF,  Fig.  589,  be  two  bodies  of  known 
weights,  their  center  of  gravity  will  be  at  C.  The  point  C 
may  be  readily  deter- 
mined, as  follows: 

Rule. —  TAe  dis- 
tance  of  the  common 
center  of  gravity  from 
the  center  of  gravity  of 
the  large  weight  is 
equal  to  the  weight  of 
the  smaller  body  mul-  ^°-  "** 

tiplicd  by  the  distance  between  the  centers  of  gravity  of  the 
two  bodies^  and  this  product  divided  by  the  sum  of  the  weights 
of  the  two  bodies. 

Let  w  =  weight  of  smaller  body ; 
\V=-  weight  of  larger  body; 
/  =  distance  between  centers  of  gravity  of  the  two 

bodies ; 
/j  =  distance  from  the  center  of  gravity  of  the  two 
to  the  center  of  gravity  of  the  larger  body. 

lU  I 

Then,  /.  =  ■^^^^.  (93.) 

Example. — In  Fig.  589,  a/ =  10  pounds,  H^=30  pounds,  and  the 
distance  between  their  centers  of  gravity  is  36  inches;  where  is  the 
center  of  gravity  of  both  bodies  situated  ? 

SoLUTioN.^Applying  formula  93, 

,       10X36_^. 

^'  -  30 Tio  -»»"•- 

distance  of  center  of  gravity  from  center  of  large  weight.     Ana 
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1843*  It  IS  now  very  easy  to  extend  this  principle,  to 
find  the  center  of  gravity  of  any  number  of  bodies  when 
their  weights  and  the  distances  apart  of  their  centers  of 
gravity  are  known,  by  the  following  rule  : 

Rule. — find  the  center  of  gravity  of  ttco  of  the  bodies^  as 

\\\  and  U\,  in  Fig,  590, 
at  C^.  Assume  that  the 
7ceight  of  both  bodies  is 
concentrated  at'  C^,  and 
find  the  center  of  gravity 
of  this  combined  weight 
Cj,  and  the  weight  of  M\ 
to  be  at  C,/  then,  find 
that  the  center  of  gravity 
of  the  combined  weights  of 
\\\,  ir^,  and  ]\\  {concen- 
trated at  r,)  and  U\  to 
be  at  C,  and  C  will  be 
the  center  of  gravity  of  the  four  bodies, 

1 844*  To  find  the  center  of  gravity  of  any  parallel- 
osram : 

Rule. — Draw  the  two  diago- 
nals, Fig,  691,  and  their  point  of 
intersection  C  will  be  the  center  of 
gravity,  fig.  bw. 

1845*  To  find  the  center  of  gravity  of  a  trlansle,  as 
A  B  C,  Fig.  592: 

Rule. — From  any  vertex^  as  A,  draw  a  line  to  the  mid- 
dle point  D  of  the  opposite  side 
B  C,       From    one   of  the    other 
vert  exes,   as    C,    draw    a   line  to 
F,   the  middle  point  of  the  oppo- 
ss^^^    site  side  A  B ;  the  point  of  inter- 
O  section  O  of  these  two  lines  is  the 
center  of  gravity. 
It  is  also  true  that  the  distance  D  O  —  \  D  A^  and  that 
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F O  ^\  F  Cj  and  the  center  of  gravity  could  have  been 
found  by  drawing  from  any  vertex  a  line  to  the  middle 
point  of  the  opposite  side,  and  measuring  back  from  that 
side  J  of  the  length  of  the  line. 

1846.  The  center  of  gravity  of  any  resrular  plane 

figure  is  the  same  as  the  center  of  the  inscribed  or  circum- 
scribed circle. 

1 847.  To  find  the  center  of  gravity  of  any  Irresrnlar 
plane  figure  but  of  uniform  thickness  throughout,  divide 
one  of  the  parallel  surfaces  into  triangles,  parallelograms, 


Pia  603. 


circles,  ellipses,  etc.,  according  to  the  shape  of  the  figure; 
find  the  area  and  center  of  gravity  of  each  part  separate- 
ly, and  combine  the  centers  of  gravity  thus  found  as  in 
the  case  of  more  than  two  bodies  whose  weights  were 
known  by  the  rule  of  Art.  1843,  except  that  the  area  of 
each  part  is  used  instead  of  their  weights.     See  Fig.  593. 

Example. — Suppose  that  the  two  balls  shown  in  Fip^.  589  are  5 
inches  and  10  inches  in  diameter,  and  weigh  10  pounds  and  80  pounds, 
respectively.     If  the  distance  between  their  centers  is  40  inches,  and 
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they  arc  connected  by  a  steel  rod  1  inch  in  diameter,  where  is  the  cen» 
ter  of  gravity,  taking  the  weight  of  a  cul)ic  inch  t>f  steel  as  .283  jHrnnd  ? 

Solution.— The  length  of  the  rod  =  4n  —  *  —  V  =  32*  in.  Its  vol- 
ume is  V  X  .Ta'»4  X  32*  -  25..'i3  cu.  in.  25.r)3  x  .2>^3  =.-  7.22  lb.  The  rod 
being  straight,  its  center  of  gravity  is  in  the  middle  at  a  distance  of 

32  5       5  32  5 

r     +-3=  1^1  i"-  from  the  center  of  the  smalU-r  weight  and  — -"' h 

If-  =  21^  in.  from  the  center  of  the  larger  weight.  Now,  assuming  the 
weight  of  the  hkI  to  be  concentratetl  at  its  center  of  gravity,  we  have 
three  weights  of  10,  7.22.  and  J^«>  lb.,  all  in  a  straight  line,  and  the  dis- 
tances between  them  given,  to  find  the  center  of  gravity,  or  balancing- 
point,  of  the  combinatit)n.  We  will  rirst  iind  the  tenter  of  gravity  of 
the  two  smaller  weights  by  formula  93. 

7  22  V  1*4* 
I  =  -  -  ■ — -— ,  r  =  i.^**  in.  = 
10  -r  1.22 

distance  from  the  center  of  the  10-lb.  weight.     Considering  both  of  the 

smaller  weights  to  l>e  concentrated  at  this  i>i>int,  we  find  the  center  of 

gravity  of  this  combined  weight  and  the  large  weight  by  the  same 

formula: 

40 -7.80  =  32.14  in.  = 

distance  between  the  center  of  gravity  of  the  twt»  small  weights  and 
the  center  of  gravity  of  the  80-lb.  weight.     Applying  formula  03, 

/,=  — -, ^r=-  i^T-   —  '».<>$*•»  m.  = 

SO  -.  17.22 
distance  from  the  center  of  the  >^0-l I >.  weight.     Ans. 

1 848.  Center  of  Gravity  of  a  Solid. — In  a  body  free 
tomovey  the  center  of  gravity  will  lie  in  a  vertical  plumb-line 
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drawn  through  the  point  of  support.  Therefore,  to  find 
the  position  of  the  center  of  gravity  of  an  irregular  solid, 
as  the  crank,  Fig.  594,  suspend  it  at  some  point,  as  B^  so 
that  it  will  move  freely.  Drop  a  plumb-line  from  the  point 
of  suspension,  and  mark  its  direction.  Suspend  the  body  at 
another  point,  as  A ,  and  repeat  the  process.  The  intersection 
C  of  the  two  lines  will  be  directly  over  the  center  of  gravity. 
Since  the  center  of  gravity  depends  wholly  upon  the  shape 
and  weight  of  a  body,  it  may  be  without  the  body ;  for  ex- 
ample, the  center  of  gravity  of  a  circular  ring  is  the  same 
as  the  center  of  the  circumference  of  the  ring. 


BXAMPLB8  FOR  PRACTICE. 

1.  A  spherical  shell  has  a  wrought-iron  handle  attached  to  it.  The 
shell  is  10  inches  in  diameter,  and  weighs  20  pounds.  The  handle  is 
1^  inches  in  diameter,  and  the  distance  from  the  center  of  the  shell  to 
the  end  of  the  handle  is  4  feet.  Where  is  the  center  of  gravity  ?  Take 
the  weight  of  a  cubic  inch  of  wrought  iron  as  .278  pound. 

Ans.  18.612  in.  from  center  of  shell. 

2.  The  distance  between  the  centers  of  two  bodies  is  51  inches. 
The  weights  of  the  bodies  being  20  and  73  pounds,  where  is  the  center 
of  gravity  ?  Ans.  10.968  in.  from  the  center  of  large  weight. 

3.  A  hollow  engine  piston  weighs  275  pounds,  and  is  8^  inches  thick. 
Assuming  the  piston-rod  to  be  straight  throughout  its  entire  length, 
and  to  weigh  140  pounds,  at  what  p>oint  will  the  piston  and  rod  balance, 
if  the  length  of  the  rod  is  73  inches  from  the  face  of  the  piston? 
Consider  the  weight  of  the  piston  to  be  concentrated  at  its  center. 

Ans.  11.15  in.,  nearly,  from  face  of  piston. 

4.  Weights  of  5,  9,  and  12  pounds  lie  in  one  straight  line,  in  the 
order  named.  Distance  from  the  5-pound  weight  to  the  9-pound 
weight  is  22  inches,  and  from  the  9-pound  weight  to  the  12-pound 
weight  is  18  inches.     Where  is  the  center  of  gravity  ? 

Ans.  13.923  in.  from  12-pound  weight. 


SIMPLE  MACHINES. 


THE  LEVER  AND  W^HEEL  AND  AXLE. 

1 849.  A  lever  is  a  bar  capable  of  being  turned  about 
a  pivot,  or  point,  as  in  Figs.  595  to  597. 

The  object  W  to  be  lifted  is  called  the  'weiglit ;  the 
force  used  P  is  called  the  poijver ;  and  the  point  or  pivot  F 
is  called  the  fulcrum* 

J  24—3 
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That  part  of  the  lever  between  the  weight  and  the  ful- 
crum^ or  Fb^  is  called  the  inrelKtit  arm,  and  the  part  be- 

— 1^- 
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tween   the  power  and  the   fulcrum,  or  Fc^    is   called   the 
po'wer  arm. 

1850.  In  order  that  the  lever  shall  be  in  equilibrium 
(balance),  the  power  multiplied  by  tlu  power  arm  must  equal 
the  weight  multiplied  by  the  weight  arm;  that  is,  Px  Fc 
must  equal  IFx  Fb, 

If  /^  be  taken  as  the  center  of  a  circle,  and  arcs  be  de- 
scribed through  b  and  r,  it  will  be  seen  that,  if  the  weight 
arm  is  moved  through  a  certain  angle,  the  power  arm  will 
move  through  the  same  angle.  Since,  in  the  same  or  equal 
angles,  the  lengths  of  the  arcs  are  profK)rtional  to  t*he  radii 
with  which  they  were  described,  it  is  seen  that  the  power 
arm  is  proportional  to  the  distance  through  which  the  power 
moves,  and  the  weight  arm  is  proportional  to  the  distance 
through  which  the  weight  moves. 

Hence,  instead  of  writing  Px  Fc-=z  JFx  Fb^  we  might 
have  written  it  Px  distance  through  which /'moves  =  [Fx 
distance  through  which  W  moves.  This  is  the  general  law 
of  all  machines,  and  can  be  applied  to  any  mechanism,  from 
the  simple  lever  up  to  the  most  complicated  arrangement. 
Stated  in  the  form  of  a  rule,  it  is  as  follows: 

Rule. — The  paivcr  multiplied  by  the  distajice  through  which 
it  moves  equals  the  weight  multiplied  by  the  distance  through 
which  it  moves. 

In  the  above  rule,  it  will  be  noticed  that  there  are  four 
requirements  necessary  for  a  complete  knowledge  of  the 
lever,  viz.,  the  power  (or  force),  the  weight,  the  power  arm 
(or  distance  through  which  the  power  moves),  and  the  weight 
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arm  (or  distance  through  which  the  weight  moves).  If  any 
three  are  given,  the  fourth  may  be  found  by  letting  x  rep- 
resent the  requirement  which  is  to  be  found,  and  multiply- 
ing the  power  by  the  power  arm  and  the  weight  by  the 
weight  arm ;  then,  dividing  the  product  of  the  two  known 
numbers  by  the  number  by  which  ^ris  multiplied,  the  result 
will  be  the  requirement  which  was  to  be  found. 

Example.'— If  the  weight  arm  of  a  lever  is  6  inches  long,  and  the 
power  arm  is  4  feet  long,  how  gjeat  a  weight  can  be  raised  by  a  force 
of  20  pounds  at  the  end  of  the  power  arm  ? 

Solution. — In  this  example,  the  weight  is  unknown;  hence,  repre- 
senting it  by  jr,  we  have,  after  reducing  the  4  ft.  to  inches,  20  X  48  = 
960  =  power  multiplied  by  the  power  arm,  and  j:  X  6  =  weight  multiplied 
by  the  weight  arm.  Dividing  the  900  by  6,  the  result  is  100  lb.,  the 
weight.     Ans. 

If  the  distance  through  which  the  power  or  weight  moved 
had  been  given  instead  of  the  power  arm  or  weight  arm, 
and  it  were  required  to  find  the  power  or  weight,  the  process 
would  have  been  exactly  the  same,  using  the  given  dis- 
tance instead  of  the  power  arm  or  weight  arm. 

Example. — If,  in  the  above  example,  the  weight  had  moved  2\  inches, 
how  far  would  the  power  have  moved  ? 

Solution. — In  this  example,  the  distance  through  which  the  power 
moves  is  required.  Let  x  represent  the  distance.  Then,  20  x  .r  = 
distance  multiplied  by  power,  and  2|  X  100  =  400  =  distance  multiplied 
by  the  weight.  Hence,  x  =  ^g-  =  20  in.  =  distance  through  which  the 
power  arm  moves.     Ans. 

The  ratio  between  the  weights  and  the  power  is  IGO  -?- 
20  =  8.  The  ratio  between  the  distance  through  which  the 
weight  moves  and  the  distance  through  which  the  power 
moves  is  2^  -t-  20  =  i.  This  shows  that  while  a  force  of 
1  pound  can  raise  a  weight  of  8  pounds,  the  1 -pound  >veight 
must  move  through  8  times  the  distance  that  the  8-pound 
weight  does.  It  will  also  be  noticed  that  the  ratio  of  the 
lengths  of  the  two  arms  of  the  lever  is  also  8,  since  48  -t- 
G  =  8. 

1851*  The  law  which  governs  the  straight  lever  also 
governs  the  bent  lever,  but  care  must  be  taken  to  determine 
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the  true  lengths  of  the  lever  arms,  which  are  in  every 
case  the  perpendicular  distances  from  the  fulcrum  to  the  line 
of  direction  of  the  iveight  or  power. 

Thus,  in  Figs.  598  to  GOl,  F c  in  each  case  represents  the 
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pow«rarm,  and  Fb  the  weight  arm.     The  following  formula 
applies  to  any  lever,  straight  or  bent: 

Let   P  =  power ; 
W  z=.  weight; 
a  =  pcrpendirular  distance  of   line  of  direction  of 

power  from  fulcrum  =  power  arm; 
b  =  perpendicular  distance   of   line  of  direction   of 
weight  from  fulcrum  =  weight  arm. 

Then,  Pa^  W b.  (94.) 

,1852«  A  compound  lever  is  a  series  of  single  levers 
arranged  in  such  a  manner  that  when  a  i)ower  is  applied  to 
the  first,  it  is  communicated  to  the  second,  ;ind  from  this  to 
the  third,  and  so  on. 
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Fig.  602  shows  a  compound  lever.  It  will  be  seen  that, 
when  a  power  is  applied  to  the  first  lever  at  P^  it  will  be 
communicated  to  the  second  lever  at  P^  from  this  to  the 
third  lever  at  P^  and  thus  raise  the  weight  W. 

The  weight  which  the  power  of  the  first  lever  could 
raise  acts  as  the  power  of  the  second,  and  the  weight  which 
this  could  raise  through  the  second  lever  acts  as  the  power 
of  the  third  lever,  and  so  on,  no  matter  how  many  single 
levers  make  up  the  com|K)und  lever. 

In  this  case,  as  in  every-  other,  the  power  multiplied  by 
the  distance  through  which  it  moves  equals  the  weight 
multiplied  by  the  distance  through  which  it  moves. 

Hence,  if  we  move  the  /^end  of  the  lever,  say  4  inches. 
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and  the  IFend  moves  \  of  an  inch,  we  know  that  the  ratio 
between  -Pand  M^is  the  same  as  the  ratio  between  4  and  J, 
that  is,  1  to  20,  and,  hence,  that  10  pounds  at  /'would  bal- 
ance 200  pounds  at  IV^  without  measuring  the  lengths  of 
the  different  lever  arms.  If  the  lengths  of  the  lever  arms 
are  known,  the  ratio  between  P  and  IV  may  be  readily  ob- 
tained from  the  following  rule: 

Rule. — T/ie  continued  prodtut  of  the  power  and  each  power 
arm  equals  the  continued  product  of  the  weight  and  each 
weight  arm. 

Let  tf „  ^t»  ^% =  power  arms  of  compound  lever ; 

^i»  ^«»  ^«  •  •  •  •  ==  weight  arms  of  compound  lever. 
Then, 
/'X  ^,  X  tf,  X  tf,  X =  W^ X  *,  X  *,  X  ^,  X (95.) 

Example. — If,  in  Fig.  602,  P  F—  24  inches,  18  inches,  and  30  inches, 
respectively,  and  IV F=  6  inches,  6  inches,  and  18  inches,  resp-jctively, 
how  g^eat  a  force  at  P  would  it  require  to  raise  1.000  pounds  aX  W} 
What  is  the  ratio  between  /F  and  P  ? 
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Solution. — Let  x  represent  the  power;  then,  according  to  for- 
muU  OS,  j-xa4xI8x30  =  12.960 x.     1.000  X  8  X  8 X  IB  =  648.000, 

-^  =  -i2l«0=™"'-     ^°^ 
1.000 +  60  =  30  =  ratio  of  W  to  P.     Ans. 

1 853.  The  w^beel  and  axle  consists  of  two  cylinders  of 
different  diameters,  rigidly  connected,  so  that  they  turn  to- 
gether about  a  common  axis,  as  in  Fig.   603.     Then,  as 


before,  Px  distance  through  which  it  moves  =  Wx  dis- 
tance through  which  it  moves;  and,  since  these  distances 
are  proportional  to  the  radii  of  the  power  cylinder  and 
weight  cylinder,  Px  Pc  =  Wx  P b. 

It  is  not  necessary  that  an  entire  wheel  be  used;  an  arm, 
projection,  radius,  or  anything  which  the  power  causes  to 
revolve  in  a  circle  may  be  considered  as  the  wheel.  Conse- 
quently, if  it  is  desired  to  hoist  a  weight  with  a  windlass, 
Fig.  C04,  the  power  is  applied  to 
the  handle  of  the  crank,  and  the 
distance  between  the  center  line 
of  the  crank  handle  and  the  axis 
of  the  drum  corresponds  to  the 
^'radius  of  the  wheel. 

Example. — If  the  distance  between 
P""-  *"'■  the  center  line  of   the  handle  and  the 

is  of  the  drum,  in  Fig.  004.  is  18  inches,  and  the  diameter  of  the  drum 
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is  a  inches,  what  force  will  be  required  at  P  to  raise  a  load  of  800 
potmds? 

Solution.— P  x  (18  X  2)  =  300  x  6,  or  /*  =  50.    Ans. 


BXAMPLeS  FOR  PRACTICE. 

1.  The  lever  of  a  safety-valve  is  of  the  form  shown  in  Fig.  595, 
where  the  force  is  applied  at  a  point  between  the  fulcrum  and  the 
weight  lifted.  If  the  distance  from  the  fulcrum  to  the  valve  is  5^ 
inches,  and  from  the  fulcrum  to  the  weight  is  42  inches,  what  total 
force  is  necessary  to  raise  the  valve,  the  weight  being  78  pounds  and 
the  weight  of  valve  and  lever  being  neglected  ?  Ans.  595.64  lb. 

2.  If,  in  Fig.  602,  P  F=  10,  12,  14,  and  16  inches,  respectively,  and 
IVF=  2,  3,  4,  and  5  inches,  respectively,  {a)  how  great  a  weight  can  a 

force  of  20  pounds  raise  ?    {&)  What  is  the  ratio  between  W  and  P  ? 
{c)  If  P  moves  4  inches,  how  far  will  W  move  ?  i  (a)  4,480  lb. 

Ans.  ]  (^)  224. 
(  {c)  ^  in. 

3.  A  windlass  is  used  to  hoist  a  weight  If  the  diameter  of  the 
drum  on  which  the  rope  winds  is  4  inches,  and  the  distance  from  the 
center  of  the  handle  to  the  axis  of  the  drum  is  14  inches,  how  great  a 
weight  can  a  force  of  32  pounds  applied  to  the  handle  raise  ? 

Ans.  2241b. 

PULLEYS  AND  GBARS. 


FIXeD  AND   MOVABLE   PULLBYS. 

1 854*  A  pulley  is  a  wheel  turning  on  an  axle,  over 
which  a  cord,  chain,  or  band  is  passed  in  order  to  transmit 
the  force  through  the  cord,  chain,  or  band.       ^ 

Pulleys  are  often  used  for  hoisting  or  rais-  "^ 
ing  loads,  in  which  case  the  frame  which  sup- 
ports  the   axle   of    the   pulley   is   called   the 
block* 

1855*  A  fixed  pulley  is  one  whose 
block  is  not  movable  (see  Fig.  605).  In  this 
case,  if  the  weight  W  be  lifted  by  pulling 
down  P^  the  other  end  of  the  cord  W  will  evi- 
dently move  the  same  distance  upwards  that 
P  moves   downwards;    hence,    P  must   equal 

1856*  A  movable  pulley  is  one  whose  block  is  mova- 
ble, as  in  Fig.  606.     One  end  of  the  cord  is  fastened  to  the 
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beam,  and  the  weight  is  suspended  from  the  pulley,  the  other 
end  of  the  cord  being  drawn  up  by  the  application  of  a  force 

P,  A  little  consideration 
^  will  show  that  if  P  moves 
through  a  certain  distance, 
say  1  foot,  W  will  move 
through  half  that  distance, 
or  C  inches;  hence,  a  pull  of 
^  1  pound  at  P  will  lift  2  pounds 
at  IK. 

The   same   would    also  be 
true   if   the  free  end  of  the 
cord  were  passed  over  2i  fixed 
Pio.floc  Pio.wr.  pulley,    as    in    Fig.    607,    in 

which  case  the  fixed  pulley  merely  changes  the  direction  in 
which  Tracts,  so  that  a  weight  of  1  pound  hung  on  the  free 
end  of  the  cord  will  balance  2  pounds  hung  from  the  mava* 
ble  pulley, 

1857.  A  combination  of  pulleys,  as  shown  in  Fig. 
608,  is  sometimes  used.  In  this  case,  there  are  three  mova- 
ble and  three  fixed  pulleys,  and  the  amount 
of  movement  of  W,  owing  to  a  certain  move- 
ment of  P,  is  readily  found. 

It  will  be  noticed  that  there  are  six  parts 
of  the  rope,  not  counting  the  free  end; 
hence,  if  the  movable  block  be  lifted  1  foot, 
P  remaining  in  the  same  position,  there 
will  be  1  foot  of  slack  in  each  of  the  six 
parts  of  the  ro'pe,  or  six  feet  in  all.  There- 
fore, P  would  have  to  move  G  feet  in  order 
to  take  up  this  slack,  or  P  moves  6  times  as 
far  as  W,  Hence,  1  pound  at  Pwill  sup- 
port 6  pounds  at  IT",  since  Wi^  power  multi- 
plied by  the  distance  through  which  it  moves 
equals  the  weight  multiplied  by  the  distance 
through  which  it  moves.  It  will  also  be 
noticed  that  there  are  three  movable 
pulleys,  and  that  3X2  =  6.  Fiaaoa 
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1S5S.     I^a-w  of  Comblinatlon  of  Pulleys. — In  any 

combination  of  pulleys  where  one  continuous  rope  is  used,  a 
load  on  the  free  end  will  balance  a  weight  on  the  movable 
block  as  many  limes  as  gnat  as  itself  as  tlure  are  parts  of 
the  rope  supporting  the  load — not  counting  the  free  end. 

The  above  law  is  good,  whether  the  pulleys  are  side  by 
side,  as  in  the  ordinary  block  and  tackle,  or  whether  they 
are  arranged  as  in  the  figure. 

Example, — In  a  block  and  tackle  having  five  movable  pulleys,  how 
great  a  force  must  be  applied  lo  the  free  end  of  the  rope  to  raise  1.250 
pounds  ? 

Solution. — Since  there  are  five  movable  pulleys,  there  must  be  10 
parts  of  the  rope  to  support  them.  Hence,  according  to  the  above  law, 
a  force  applied  to  the  free  end  will  support  a  load  10  Umea  as  great  as 
1,250 


itself,  < 


the  force  = 


-125  1b.    Ans.- 


POU^eVS   FOR    TRANSMISSION   OF    POWER. 

lS5d>     Pulleys  for  the  transmission  of  power  by  belts 
may  be  divided  into  two  principal  classes:     (1)  The  solid 


pulley  shown  in  Fig.  609,  in  which  the  hub,  arms,  and  rim 
are  one  entire  casting.  (2)  The  split  pulley  shown  in  Fig, 
610,  which  is  cast  in  halves. 
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This  last  style  of  pulley  is  more  readily  placed  upon  and 
removed  from  the  shaft  than  the  sohd  pulley.  Pulleys  are 
generally  cast  in  halves  or  parts  when  they  are  more  than 
6  feet  in  diameter;  this  is  done  on  account  of  shrinkage 
strain  in  large  pulley  castings,  which  renders  them  liable  to 
crack  as  a  result  of  unequal  cooling  of  the  metal. 

1860.  Crowning. — In  Fig.  611  is  shown  a  section  of 
m>y^M-yAyy^A^^//^^!m^  the  rim  of  a  pulley  that  has  crowning, 

or,  in  other  words,  whose  diameter  is 
larger  at  the  center  of  the  face  than  at 
its  edges.  This  is  done  to  prevent  the 
belt  from  running  off  the  pulley.  The 
Pio.at  amount  of   crowning  given  to  pulleys 

varies  from  ^  to  ^  an  inch  per  foot  of  width  of  the  pulley 

face. 

1861.  Balanced  Pulleys. — All  pulleys  which  rotate 
at  high  speeds  should  be  balanced.  If  they  are  not,  the 
centrifugal  force  which  is  generated  by  the  pulley's  rotation 
is  greater  on  one  side  than  on  the  other,  and  it  will  cause 
the  pulley  shaft  to  vibrate  and  shake.  Pulleys  should  run 
true,  so  that  the  strain  or  tension  of  the  belt  is  equal  at  all 
parts  of  the  revolution,  thus  making  the  transmitting  power 
equal.  The  smoother  the  surface  of  a  pulley,  the  greater  is 
its  driving  power. 

The  transmitting  power  of  a  pulley  can  be  increased  by 
covering  the  face  of  the  pulley  with  a  leather  or  rubber 
band ;  this  increases  the  driving  power  about  one-quarter. 

1862*  The  pulley  that  imparts  motion  to  the  belt  is 
called  the  driver ;  that  which  receives  the  motion  is  called 
the  driven. 

The  revolutions  of  any  two  pulleys  over  which  a  belt  is 
run  vary  in  an  inverse  proportion  to  their  diameters;  con- 
sequently, if  a  pulley  of  20  inches  in  diameter  is  driven  by 
one  of  10  inches  in  diameter,  the  20-inch  pulley  will  make 
one  revolution  while  the  lO-incJi  pulley  makes  two  revolu- 
tions, or  they  are  in  the  ratio  of  2  to  1. 
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1863«  To  find  the  diameter  of  the  driving  pulley,  when 
the  diameter  of  the  driven  pulley  and  the  number  of  revo- 
lutions per  minute  of  each  are  given : 

Rule. — The  diameter  of  the  driving  pulley  equals  the 
product  of  the  diameter  and  number  of  revolutions  of  the 
driven  pulley^  divided  by  the  number  of  revolutions  of 
the  driving  pulley. 

TL,ct  D=  diameter  of  the  driver; 
d  =  diameter  of  the  driven ; 
N  =  number  of  revolutions  of  the  driver; 
n  =  number  of  revolutions  of  the  driven. 

Note. — ^The  words  revolutions  per  minute  are  frequently  abbrevi- 
ated to  R.  P.  M. 

dfi 

Then,  ^^W'  ^^®*^ 

Example. — The  driving  pulley  makes  100  revolutions  per  minute; 
the  driven  pulley  makes  75  revolutions  per  minute,  and  is  18  inches  in 
diameter ;  what  is  the  diameter  of  the  driving  pulley  ? 

Solution. — Substituting  in  formula  96,  we  have 

D  =  — tqq—  =  1^  >^     Ans. 

1864.  The  diameter  and  number  of  revolutions  per 
minute  of  the  driving  pulley  being  given,  to  find  the  diameter 
of  the  driven  pulley,  which  must  make  a  given  number  of 
revolutions  per  minute : 

Rule. —  The  diameter  of  the  driven  pulley  equals  the  prod- 
uct of  the  diameter  and  number  of  revolutions  of  the  driving 
pulley y  divided  by  the  number  of  revolutions  of  the  driven 
pulley. 

DN 
That  is,  rf=illL.  (97.) 

Example. — ^The  diameter  of  the  driver  is  13^  inches,  and  makes 
JOO  revolutions  per  minute ;  what  must  be  the  diameter  of  the  driven 
to  make  75  revolutions  per  minute  ? 

Solution.— Substituting  in  formula  97,  we  have 

75 
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1865.  To  find  the  number  of  revolutions  per  minute  of 
the  driven  pulley,  its  diameter  and  the  diameter  and  num- 
ber of  revolutions  per  minute  of  the  driving  pulley  being 
given  : 

Rule. — The  number  of  revolutions  of  the  driven  pulley  is 
equal  to  the  product  of  the  diameter  and  number  of  revolu- 
tions of  the  driver^  divided  by  the  diameter  of  the  driven 

pulley, 

DN 
That  is,  n  =  =^.  (98.) 

Example. — The  driver  is  13^  inches  in  diameter,  and  makes  100  revo- 
lutions p>er  minute ;  how  many  revolutions  will  the  driven  make  in  one 
minute,  if  it  is  18  inches  in  diameter  ? 

Solution. — Substituting  in  formula  98,  we  have 

«  =  i?i^ii^  =  75R.P.M.     Ans. 

lo 

1 866.  To  find  the  number  of  revolutions  per  minute  of 
the  driving  pulley,  its  diameter  and  the  diameter  and  num- 
ber of  revolutions  per  minute  of  the  driven  pulley  being 
given : 

Rule. — The  ftumber  of  revolutions  of  the  driving'  pulley 
is  equal  to  the  product  of  the  diameter  and  number  of  revolu- 
tions of  the  driven  pulley^  divided  by  the  diameter  of  the 
driving  pulley. 

That  is,  N  =  ^'.  (99.) 

Example. — The  driven  pulley  ir,  18  inches  in  diameter,  and  makes 
\T^  revolutions  per  minute;  how  many  revolutions  will  the  driver  make 
in  one  minute,  if  it  is  13^  inches  in  diameter  ? 

Solution. — Substituting  in  formula  99,  we  have 

A^=-^--  =  IGOR.  P.M.     Ans. 

l^'^HRRI.WORK. 

1867.  Wlicelwork.  —  A  combination  of  wheels  and 
axles,  as  in  Fig.  01*2,  is  called  a  train.  The  wheel  in  a 
train,  to  which  motion  is  imparted  from  a  wheel  on  anothef 
shaft  by  sucli  moans  as  a  belt  or  gearing,  is  called  the 
driven  wheel  or  follower;  the  wheel  which  imparts  the 
nnuion  is  called  the  driver. 

It  will  be  seen  that  the  wheel  and  axle  bears  the  same 
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relation  to  the  train  that  the  simple  lever  does  to  the  com 
pound  lever.     Letting  />,.  Z>„  Z7„  etc.,  represent  the  diam 


eters  of  ihe  driven  wheels  and  i/„  </„  </„  etc.,  the  diameters 
of  the  drivers,  we  have  the  following 

Rule. — The  contimted  product  of  the  power  and  the  radii 
of  the  driven  wheels  equals  the  continued  product  of  the 
weight,  the  radius  of  the  drum  that  moves  the  zt/eight,  and 
the  radii  of  the  drivers. 

This  rule  gives  rise  to  the  following  formulas: 
„_  W  y.d,y.  d^  X  d,x  . 


W: 


n,xn^x  i\  X . 
PxD,xn,x-D,x. 


(lOO.) 

(lOl.) 


d,Xd,xd,X  •  .  .  . 
Example.— The  radius  of  the  pulley  A  is  20  inches,  of  C,  13  inches. 
And  of  /^,  24  inches;  and  the  radius  of  Ihe  drum  J^  is  i  inches,  of  the 
piaiun  D,  5  inches,  and  of  the  pinion  />,  4  inches.    How  great  a.  weiglit 
will  a  force  of  1  pound  at  P  raise  ? 
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SOLCTioM.— Using  formula  lOl, 
j^^  IX  SOX  IB  r"-* 


7,200  _-, 


4X5X4 

If  the  weight  li'^were  raised  I  inch,  /*would  fall  90inches, 
or  P  would  have  to  move  90  inches  to  raise  W  1  inch. 
Whenever  there  is  a  gain  in  power  without  a  corresponding 
increase  in  the  initial  force,  there  is  a  loss  in  speed ;  this  is 
true  of  any  machine. 

In  the  last  example,  if  P  were  to  move  the  entire  90 
inches  in  one  second,  W  would  move  only  1  inch  in  one 
second. 

1868.  Instead  of  using  the  diameter, or  radius  of  a 
gear,  the  number  of  teeth  may  be  used  when  computing  the 
weight  which  can  be  raised,  or  the  velocity,  as  in  the  last 
example. 

Example. — Assume  that  the  radius  oE  the  puUej  A,  Fig.  613,  is 
40  inches,  and  that  of  F  is  13  inches.  The  number  of  teeth  in  B  is  0; 
inc.  27;  in  D.  13,  and  in  £.  36.  If  the  weight  to  be  lifted  is  1,800 
pounds,  how  great  a  force  at  P  is  it  necessary  to  apply  to  the  belt  ? 

SoLUTioK.— Let  P  represent  the  force  (power);  then,  by  for- 
mula lOO, 

p_1.90OXl2x0Xl2_a,332,8O0 


=  60  lb.    Ans. 


GBAR-WHRELS. 

1669.    A  wheel  that  is  provided  with  teeth  to  mesh 

with  similar  teeth  upon  another 

wheel  is  called  a  gear-wbeel. 

or  gear.     In  Pig.  613  is  shown 

a  Bpur-K«ar.     On  spur-gears, 

,  the  teeth  are  always  parallel  to 

^  the  axis  of  the  wheel,  or  to  its 

\  shaft. 

1870.  In  Fig.  614  is  shown 
w^  a  pair  of  bevel-sears  in  mesh, 
of  which  one  is  smaller  than  the 
other.  When  both  are  of  the 
same  diameter,  they  are  called 
miter- gears. 
Fio.  eis.  In  Fig.  615  is   shown  a  pair 
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of  miter-gears  in  mesh.     It  is  obvious  that  the  angle  which 
the  teeth  of  these  gears 
malce  with  the  axis  of 
the  shaft  must  be  45°. 

1871.     In  Fig.  616  Ij 
is   shown   a   revolving 
screw,  or  worm,  as  it  \ 
is  called,  tn  gear;  it  is 
used  to  transmit  n 
tion  from  one  shaft  to 
another  at  right  angles 
to  it.  Pio.  oi 

As  the  worm  is  nothing  else  than  a  screw,  each  revoluttoQ 
given  to  the  worm  will  rotate  the  worm-wheel  a  distance 


equal  to  its  pitch;  consequently,  if  there  are  40  teeth  in  the 
worm-wheel,  a  single-threaded  worm  will  have  to  make  40 
revolutions  in  order  to  turn  the  wheel  once. 


m 
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1872.    In  ¥}g.  617  is  shown  a  section  of  a   rack  and 
pinion,  both  having  epicycloidal  teeth.     The  arc  C  C  repre- 
sents part  of  the  pltcb  circle ; 
it   is  on  the  pitch   circle   that 
all  the  teeth  are  laid  out.     The 
diameter  of  a  gear  or  worm- 
wheel    is    always  taken    as  the 
diameter  of  this  circle,    unless 
:   otherwise    specially    stated    as 
"diameter over  all,"  or  "diam- 
I  eter  at  the  root,"  etc. 

The  pitch  of  the  teeth  of  the 
gear-wheel  is  the  distance  from 
the  edge  of  one  tooth  to  the 
corresponding  edge  of  the  fol- 
lowing tooth  measured  on  the 
pitch  circle;  it  is  marked  pitch 
Fio,  818.  in  the  figure. 

The  length  of  the  tooth  of  a  gear-wheel  is  .7  of  its  pitch, 
.4  of  it,  called  the  root,  being  below  or  within  the  pitch 
circle,  and  ,3  of  it,  called  the  addendum,  being  above  oi 


without  the  pitch  circle.  Thus,  if  the  pitch  of  the  teeth  of  a 
gear-wheel  is  'I  inches,  the  length  of  the  teeth  below  the 
pitch  circle  is  2x-4=.S  of  an  inch;   and  the  length  of 
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the  teeth  above  the  pitch  circle  is  2  X  .3  =  .6  of  an  inch. 
Consequently,  we  have  only  to  multiply  the  pitch  by  .4  to 
obtain  the  length  of  the  teeth  below  the  pitch  circle,  and  by 
.3  to  obtain  the  length  of  the  teeth  above  the  pitch  circle. 
The  thickness  of  the  teeth  of  a  cast  gear-wheel  equals 
•  48  X  /*,  that  is,  .48  of  the  pitch;  therefore,  the  thickness  of 
the  above  teeth  is  .48  X  2,  or  .96  of  an  inch. 

A  rack  may  be  considered  as  a  gear-wheel  rolled  out  so  as 
to  make  the  pitch  circle  a  straight  line,  as  C  C",  The 
teeth  of  racks  are  proportioned  by  the  same  rules  as  those 
of  gear-wheels. 

1873.  For  the  purpose  of  calculating  the  pitch,  diam- 
eter, number  of  teeth,  etc.,  of  gear-wheels,  the  following 
rules  are  given : 

To  find  the  pitch  diameter  of  a  gear-wheel  in  inches,  when 
the  pitch  and  number  of  teeth  are  given : 

Rule. — The  pitch  diameter  is  equal  to  the  product  of  the 
pitch  and  number  of  teeth ^  divided  by  3.1410. 

Let  P=  pitch; 

T=  number  of  teeth; 

D  =  pitch  diameter  of  the  wheel. 

Then,  ^=3^-  (l^^.) 

Example. — What  is  the  diameter  of  the  pitch  circle  of  a  gear-wheel 
which  has  75  teeth,  and  whose  pitch  is  1.675  inches  ? 

Solution. — Substituting  in  formula  102,  we  have 

^     1.675  X  75      .^ .         . 
-^=      8.1416     =^^^"-     ^"^ 

1874.     To  find  the  number  of  teeth  in  a  gear-wheel, 
when  the  diameter  and  pitch  are  given: 

Rule. — The  number  of  teeth  is  equal  to  the  product  of 
3.  HIS  and  the  diameter,  divided  by  the  pitch. 

That  is,  T  =  HiJ^.  (103.) 
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Example. — The  diameter  of  a  gear-wheel  is  40  inches,  and  the  pitch 
of  the  teeth  is  1.675  inches;  how  many  teeth  are  there  in  the  wheel  ? 

Solution. — Substituting  in  formula  103»  we  have 

8.1416  X  40 


r= 


1.675 


=  75  teeth.    Ans. 


1875.     To  find  the  pitch  of  a  gear-wheel,  when  the  diam- 
eter and  the  number  of  teeth  are  given : 

Rule. —  The  pitch  of  the  teeth  is  equal  to  the  product  of 
S.H16  and  the  diameter^  divided  by  the  number  of  teeth. 

That  is,  ^^3.U16i?  ^^^.^ 

Example. — The  diameter  of  a  gear-wheel  is  40  inches,  and  it  has 
75  teeth ;  what  is  the  pitch  of  the  teeth  ? 

Solution. — Applying  formula  104,  we  have 

3.1416x40 


Pz= 


75 


=  1.675  in.    Ans. 


1876.  The  forms  of  teeth  used  in  ordinary  practice  are 
the  epicycloidal  and  involute. 

Fig.  617  shows  the  epicycloidal  form,  which  is  composed 
of  two  different  curves;  namely,  that  curve  from  the  pitch 


Fig.  6ia 


circle  to  the  top  of  the  tooth  is  an  epicycloid,  and  that  from 
the  pitch  circle  to  the  bottom  of  the  tooth  is  a  hypocycloid. 
In  gear-wheels  where   this  form  of   tooth  is   employed, 
their  pitch  circles  must  run  tangent  to  one  another. 
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1877.  In  Fig.  618  is  shown  the  involute  form  of  teeth, 
or  teeth  having  but  one  curve.  The  outlines  of  the  teeth 
shown  in  the  rack  are  formed  of  straight  lines. 

Involute  teeth  have  two  great  advantages  over  epicy- 
cloidal  teeth:  (1)  They  are  stronger  for  the  same  pitch,  as 
they  are  thicker  at  the  root.  (2)  They  may  be  spread  apart 
so  that  their  pitch  circles  do  not  run  tangent  to  one 
another  without  practically  affecting  the  perfect  action  of 
the  teeth. 

1 878.  To  calculate  the  number  of  teeth  or  speed  of  one 
of  two  gear-Vheels  which  are  to  gear  together: 

Let  R  =  number  of  revolutions  per  minute  of  the  driver; 
r  =  number  of  revolutions  per  minute  of  the  driven; 
7^=  number  of  teeth  in  the  driver; 
/  =  number  of  teeth  in  the  driven. 

Rule. — The  number  of  teeth  in  the  driver  equals  the 
product  of  the  number  of  teeth  and  number  of  revolutions  of 
the  driven^  divided  by  the  number  of  revolutions  of  the  driver. 

That  is,  ^=X*  (105.) 

Example. — The  driven  has  27  teeth,  and  wiU  make  66  revolutions 
per  minute ;  if  the  driver  makes  W  revolutions  per  minute,  how  many 
teeth  are  there  in  the  driver  ? 

Solution. — Substituting  in  formula  105,  we  have 

«     27x66      ^o-       ^.        . 
7^=  — gg —  =  18  teeth.     Ans. 

1870*  The  number  of  revolutions  per  minute  of  the 
driver  and  driven,  and  the  number  of  teeth  in  the  driver 
being  given,  to  find  the  number  of  teeth  in  the  driven: 

Rule. —  The  number  of  teeth  in  the  driven  is  equal  to  the 
product  of  the  number  of  teeth  and  revolutions  per  minute  of 
the  driver^  divided  by  the  number  of  revolutions  per  minute 

of  the  driven. 

T  R 
That  is,  /  =  ^-^.  (106.) 
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Example. — The  driver  has  24  teeth,  and  makes  W  revolutions  per 
minute,  and  the  driven  must  make  66  revolutions  per  minute ;  how 
many  teeth  must  there  be  in  the  driven  ? 

Solution. — Substituting  in  formula  106,  we  have 

t  =  ^      =  36  teeth.     Ans. 

DO 

1880.  The  number  of  teeth  in  the  driver  and  driven, 
and  the  number  of  revolutions  per  minute  of  the  driver 
being  given,  to  find  the  number  of  revolutions  per  minute  of 
the  driven : 

Rule. —  The  number  of  revolutions  per  minute  of  the  driven 
is  equal  to  the  produet  of  the  number  of  teeth  ami  number  of 
revolutions  of  the  driver,  divided  by  the  number  of  teeth  of 
the  driven. 

That  is,  ''  =  ^-  (1^^-) 

Example. — There  are  18  teeth  in  the  driver,  and  it  makes  60  revo- 
lutions per  minute ;  how  many  revolutions  per  minute  will  the  driven 
make  if  it  has  80  teeth  ? 

Solution. — Applying  formula  107,  we  have 

r  z=  —^^  =  36  R.  P.  M.     Ans. 

1881*  The  number  of  teeth  in  the  driver  and  driven, 
and  the  number  of  revolutions  per  minute  of  the  driven 
being  given,  to  find  the  number  of  revolutions  per  minute 
of  the  driver: 

Rule. —  The  number  of  revolutions  of  the  driver  is  equal 
to  the  produet  of  the  number  of  teeth  and  revolutions  of  the 
driven,  divided  by  the  number  of  teeth  of  the  driver. 

That  is,  R=^y.  (108.) 

E.xample. — If  there  are  42  teeth  in  the  driven,  and  if  it  makes  66 
revolutions  per  minute,  how  many  revolutions  per  minute  will  the 
driver  make  if  it  has  IS  teeth  ? 

Solution. — Using  formula  108,  we  have 

4*2  y  6(5 
/?--=-  -^--^  =  154  R.  P.  M.     Ans. 

Jo 

ExAMPLK. — In  V\^.  619,  the  crank-shaft  makes  60  revolutions  per 
minute;   the  governor  pulley  is  4  inches  in  diameter,  and  the  bevel- 
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gear  on  the  governor  pulley-shaft  has  19  teeth;  the  bevel-gear  which 
meshes  with  it  and  drives  the  governor  has  80  teeth.  The  governor  is 
to  make  95  revolutions  per  minute;  what  should  be  the  size  of  the 
pulley  on  the  crank-shaft  ?  > 

Solution.— First  determine  the  numtierof  revolutionsof  the  4-iach 
pulley  in  order  that   the   governor   shall   turn  93  times  per  minute. 

Applying  formula  108,  we  have  R  =  — -„—'  =  150  revolutions  of  gear 
on  pulley-shaft  =  revolutions  of  governor  pulley.  Now,  applying  for- 
mula es,  we  have  D  =  — 3^-^=10  in.  =  diameter  of  the  pulley  on 
the  crank-shafL    Ana. 

EXAUPLB. — In  Fig.  619,  the  fly-wheel  is  8  feet  in  diameter  and  drives 
a  5-foof  pulley  on  the  main  shaft.  A  14-inch  pulley  on  the  main  shaft 
drives  a  10-inch  pulley  on  the  countershaft.     A  12-inch  pulley  on  the 


countershaft  drives  a  12-inch  pulley  on  a  shaft  on  which  is  a  pinion 
that  meshes  into  a  large  gear,  attached  to  the  face-plate  of  a  large 
lathe,  which  has  108  teeth.  How  many  teeth  must  the  pinion  have  in 
order  that  the  face-plate  may  make  fl|r  revolutions  per  minute  ? 

SoLUTiov.— Applying  formula  98,  to  find  the  revolutions  per 
minute  of  the  main  shaft,  m  =  —4 — ■  =  96  R.  P.  M.  Applying  formula 
©8  again  to  find  the  revolutions  of  the  countershaft,  n  =  ~~ik —  ~  ** 
R.  P.  M. ;  and  again  to  find  revolutions  of  the  pulley  which  turns  the 
small  gear,  «  =  lii|^  =  84  R.  P.  M.  Applying  formula  105,  w« 
have  r= ^—^=13  teeth  in  pinion  or  driver.    Aos, 
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1882.  Horsepower  of  Gears To  find   the  horse> 

power  which  can  be  safely  transmitted  by  gears  whose  face, 
or  breadth  of  tooth,  is  from  i^  to  3  times  their  pitch : 

Rale. — 7"Ai-  Acrse/vwrr  a-iitk  can  be  safely  transmitted 
equals  the  ccmiinufd  product  of  the  square  of  the  pitchy  the 
velocity  im  feet  per  minute,  and  .01. 

Let  /  =  the  pitch ; 

s  =  circumferential  speed  of  a  point  on   the  pitch 
circle  in  feet  per  minute. 
Then,  H.  P.  =  .01 J/V  (109.) 

EXAHPLB.— What  borsvpovrr  can  be  safely  transmitted  by  a  gear 
whose  i»tch  diameter  is  0<l94  in.,  pitch  If  in.,  and  which  makes 
60  R.  P.  U.? 

SOLVTIOK. — The  velocity  which  is  to  be  used  when  applying  for- 
mula 108  is  the  circumferential  speed  of  a  point  on  the  pitch  circle. 
Hence,  MiM  X  3- UlS  =  200.96  in.  =  circumference  of  pitch  circle  = 
*!^ft.     ?5^  x«  =  l.W».»  =  velocity  in  ft.  per  min. 

Now,  applying  formula  lOO.  H.  P.  =  .01  x  1,M».»  X  l.TO*  =  82.15 
horsepower.    Ans. 

1883.  When  raeasurinc  bevel-gears,  the  diameter  of 
the  largest  pitch  circle  should  be  taken,  as  27,  Fig.  620. 


When  calculating  their  horsepower,  use  the  small  or  inner 
diameter,  as  </,  Fig.  tV-iO.  Either  tliameier  may  be  used 
when  calculating  the  revolutions  per  minute  or  number  of 
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teeth  by  formulas  102  to  108,  but  if  the  inner  or  outer 
diameter  of  one  gear  be  used,  the  corresponding  diameter 
of  the  other  gear  which  meshes  with  it  must  also  be  used. 


BXAMPLBS  FOR  PRACTICE. 

1.  The  driving  pulley  makes  110  R.  P.  M.,  and  is  21  inches  in  diam- 
eter; what  should  be  the  size  of  the  driven  in  order  to  make  885 
R.P.  M.?  Ans.  6  in. 

2.  The  main  shaft  of  a  certain  shop  makes  120  R.  P.  M.  It  is 
desired  to  have  the  countershaft  make  150  R.  P.  M.  There  are  on 
hand  pulleys  of  16,  24,  28,  35,  and  88  inches  in  diameter.  Can  two  of 
these  be  used,  or  must  a  new  pulley  be  ordered  ? 

Ans.     Use  the  28-inch  and  the  85-inch  pulley. 

8.     The  pinion  (driver)  makes  174  R.  P.  M.  and  follower  makes  24 

R.  p.  M. ;  how  many  teeth  must  the  pinion  have  if  the  follower  has 

87  teeth?  Ans.  12  teeth. 

4.  If  an  engine  fly-wheel  is  66  inches  in  diameter  and  makes  160 
R.  p.  M.,  what  must  be  the  diameter  of  the  pulley  on  the  main  shaft  to 
make  128  R.  P.  M.  ?  Ans.  82i  in. 

5.  What  is  the  pitch  diameter  of  a  gear  whose  pitch  is  1^  inches 
and  has  28  teeth  ?  Ans.  11.14  in. 

6.  How  many  teeth  are  there  in  a  gear  whose  pitch  is  .7854  inch 
and  which  is  23  inches  in  diameter  ?  Ans.  92  teeth. 

7.  What  is  the  pitch  of  a  gear  whose  diameter  is  20.872  inches  and 
which  has  128  teeth  ?  Ans.  i  in. 

8.  In  a  train  of  gears  the  drivers  have  16,  80,  24,  and  18  teeth,  re- 
spectively; the  followers  have  12,  24,  86,  and  40  teeth,  respectively.  If 
the  first  driver  makes  80  R.  P.  M.,  how  many  R.  P.  M.  will  the  last 
follower  make  ?  Ans.  40  R.  P.  M. 

9.  What  horsepower  can  be  safely  transmitted  by  a  gear  whose 
pitch  is  2i',  pitch  diameter  4466',  and  which  makes  80  R.  P.  M.? 

Ans.  42.24  H.  P. 

THE    INCLrlNED   PLANE  AND    WEDGE. 

18S4*     An  inclined  plane  is  a  slope,  or  a  flat  surface, 
making  an  angle  with  a 
horizontal  line. 

Three  cases  may 
arise  in  practice  with 
the  inclined  plane: 

1.  When  the  power 
acts  parallel  to  the 
plane,  as  in  Fig.  621.  Pio.  ^. 
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2.     When  the  power  acts  parallel  to  the  base,  as  in  Pig.  622. 

3.  When  the  power 
acts  at  an  angle  to  the 
plane,  or  to  the  base, 
as  in  Fig.  623. 

1885.  In  Fig.  621, 
the  relation  existing 
between  the  power  and 
the  weight  is  easily 
found.  The  weight 
ascends  a  distance 
equal  to  c  b^  or  the  height  of  the  inclined  plane,  while  the 
power  descends  through 
a  distance  equal  to  a  b^ 
or  the  length  of  the  in- 
clined plane.  Therefore, 
the  power  wultipliid  by 
the  length  of  the  inelined 
plane  equals  the  tveight 
multiplied  by  the  height 
of  the  inclined  plane. 
Hence,  if  the  length 
a  b  =  AO  feet,  and  the 
height  e  b  =  20  feet, 
IFx  20  =  /'  X  40,  or  1  pound  at  P  will  balance  2  pounds  at  W. 
In  Fig.  1)22,  the  power  is  supposed  to  act  parallel  to  the 
base,  for  any  position  of  ]V\  therefore,  while  If^^is  moving 
from  the  level  a  e  to  b^  or  through  the  height  e  b  oi  the  in- 
clined plane,  P  will  move  through  a  distance  equal  to  the 
length  of  the  base  a  e.  Hence,  when  the  power  acts 
parallel  to  the  base,  W  X  height  of  the  inelined  plane  ^=i  Px 
length  of  base. 

If  the  length  of  the  base  is  40  feet,  and  the  height  of 
the  inclined  plane  is  20  feet,  ITx  20  =  Px  40,  and  1  pound 
at  PwiM  balance  2  pounds  at  IT. 

For  Fig.  623  no  rule  can  be  given.  The  ratio  of  the  power 
to  the  weight  must  be  determined  by  trigonometry  for 
every  position  of  JF. 
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1886.  The  'wedge  is  a  movable  inclined  plane,  and  is 
used  for  moving  a  great 
weight  a  short  distance,  A 
common  method  of  moving 
a  heavy  body  is  shown  in 
Fig.  C24. 

Simultaneous  blows  of 
equal  force  are  struck  on  the 
heads  of  the  wedges,  thus 
raising  the  weight  IV.  The 
laws  for  wedges  are  [!ic  sai 
plane. 

THB    SCREW. 
'.     A  Bcre^w  is  a  cylinder  with  a   helical  groove 
around  its  circumference.     This  helix  is  called  the 


e  as  for  Case  2  of  the  inclined 


1887. 

nding 


thread  of  the  screw. 
The  distance  that  a 
point  on  the  helix  is 
drawn    back   or    ad- 
vanced  in   one  turn 
of  the  screw  is  called 
itispilch  of  the  screw, 
1888.   The  screw 
in  Fig.  625  is  turned 
rP     in  a  Hut  a,  by  means 
^:■  y-  of  a  force  applied  at 
the  end  of  the  handle 
^itch  P.     For  one  complete  revolution  of  the 
handle,    the    srrcw    will     be    advanced 
lengthwise!??/  ainnunl  equal  to  the  pitch. 
If  the  nut   be  fixed,  and  a  weight  be 
placed  upon  the  end  of  the  screw,  as 
shown,    it    will    be    raised    vertically  a 
distance    equal    to    the    pitch,    by    one 
revolution  of  the  screw.      During  this 
revolution,   the   force  at   P  will    move 
through    a    distance    equal    to    the 
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circumference,  whose  radius  is  P/^      Hence,  JFx  pitch  of 
thread  =  Z'  X  circumference  of  P. 

Let  Jr  =  weight  lifted; 

P  =  force  applied  to  handle; 

/  =  pitch  of  screw ; 

R  =  radius  of  circle  of  force  P. 

Then,  W=  ^^^^P^,  (1  iQ.) 

/ 

P^      P^  (111) 

Rule. — Represent  the  required  farce  or  weight  by  x  ;  mul- 
tiply the  force  by  the  distance  front  the  center  of  the  screw  to 
the  point  of  t  lie  handle  where  the  force  is  applied ;  multiply 
this  product  by  2  and  by  S.  H16^  and  place  the  result  equal  to 
the  weight  multiplied  by  t lie  pitch.  Divide  the  product  of  the 
known  numbers  by  the  number  or  product  of  the  numbers  by 
which  xis  multiplied^  and  the  result  will  be  the  lvalue  of  x. 

Single-threaded  screws  of  less  than  1-inch  pitch  are  gen- 
erally classified  by  the  number  of  threads  they  have  in 
1  inch  of  their  length.  In  such  cases,  one  inch  divided  by  the 
number  of  threads  equals  the  pitch;  thus,  the  pitch  of  a 
screw  that  has  8  threads  per  inch  is  ^,  one  of  32  threads  per 
inch  is  -j^y,  etc. 

Example. — It  is  desired  to  raise  a  weight  by  means  of  a  screw  hav- 
ing 5  threads  per  inch.  The  force  applied  is  40  pounds  at  a  distance  of 
14  inches  from  the  center  of  the  screw;  how  great  a  weight  can  be 
raised  ? 

Solution. — The  pitch  is  \  inch.     Using  formula  1 10» 
^  =  ?:^???^i^ii  =  17.592.96  lb.    Ans. 

1889.  Velocity  Ratio.— The  ratio  of  the  distance 
that  the  power  moves  to  the  distance  which  the  weight 
moves  on  account  of  the  movement  of  the  power  is  called 
the  velocity  ratio. 

Thus,  if  the  power  is  moving  12  inches  while  the  weight 
is  moving  1  inch,  the  velocity  ratio  is  12  to  1,  or  12;  that 
is,  P  moves  12  times  as  fast  as  W. 
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If   the   velocity   ratio  is  known,  the  weight   which  any 

machine  can  raise  equals  the  power  multiplied  by  the  velocity 

ratio.     If  the  velocity  ratio  is  8.7  to  1,  or  8.7,  ^f^=  8.7  X  /*, 

since  f^x  1  =  Px  8.7. 

Note. — In  all  of  the  preceding  cases,  including  the  last,  friction  has 
been  neglected. 

FRICTION. 

1890*  Friction  is  the  resistance  that  a  body  meets 
from  the  surface  on  which  it  moves. 

1891*  The  ratio  between  the  resistance  to  the  motion 
of  a  body  due  to  friction  and  the  perpendicular  pressure 
between  the  surfaces  is  called  the  coefncient  of  frictioiu 

If  a  weight  W^  as  in  Fig.  626,  rests  upon  a  horizontal 
plane,  and  has  a  cord  fastened  to  it  passing  over  a  pulley  a^ 
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from    which  a  weight  P  is  suspended,  then,  if  P  is  just 

P 
sufficient   to  start   IV^  the  ratio  of  P  to  JK,  or  jr^^  is   the 

coefficient  of  friction  between  W  and  the  surface  it  slides 
upon. 

The  weight  W  is  the  perpendicular  pressure,  and  /**is  the 
force  necessary  to  overcome  the  resistance  to  the  motion  of 
W  due  to  friction. 

If  W^='  100  pounds  and  /*=  10  pounds,  the  coefficient  of 

/>       10 
friction  for  this  particular  case  would  be  -^1?  =  -r^  =  .1. 

1892.     Laws  of  Friction  : 

I.  Friction  is  directly  proportional  to  the  perpendicular 
pressure  between  the  two  surf  aces  in  contact. 
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II.  Friction  is  independent  of  the  extent  of  the  surfaces  in 
contact  when  the  total  perpendicular  pressure  retnains  the 
sqme.      ^ 

III.  Friction  increases  with  the  roughness  of  the  surfaces. 

IV.  Friction  is  greater  between  surfaces  of  the  same 
material  than  between  those  of  different  materials. 

V.  Friction  is  greatest  at  the  beginning  of  motion. 

W  Friction  is  greater  between  soft  bodies  than  between 
hard  ones. 

VII.  Rolling  friction  is  less  than  sliding  friction. 

VIII.  Friction  is  diminished  by  polishing  or  lubricating 
the  surfaces. 

1 893.  Law  I  shows  why  the  friction  is  so  much  greater 
on  journals  after  they  begin  to  heat  than  before.  The  heat 
causes  the  journal  to  expand,  thus  increasing  the  pressure 
between  the  journal  and  its  bearing,  and,  consequently, 
increasing  the  friction. 

Law  II  states  that  no  matter  how  small  the  surface  may 
be  which  presses  against  another,  if  the  perpendicular 
pressure  is  the  same,  the  friction  will  be  the  same.  There- 
fore, large  surfaces  are  used  where  possible,  not  to  reduce 
the  friction,  but  to  reduce  the  wear  and  diminish  the  liability 
of  heating. 

For  instance,  if  the  perpendicular  pressure  between  a 
journal  and  its  bearing  is  10,000  pounds,  and  the  coefficient 
of  friction  is  .2,  the  amount  of  friction  is  10,000  X  .2  =  2,000 
pounds.  Suppose  that  one-half  the  area  of  the  surface  of 
the  journal  is  80  square  inches,  then  the  amount  of  friction 
for  each  square  inch  of  bearing  is  2,000 -^  80  =  25   pounds. 

If  half  the  area  of  the  surface  had  been  100  square  inches, 
the  friction  would  have  been  the  same,  that  is,  2,000  pounds; 
but  the  friction  per  square  inch  would  have  been  2,000  — 
IGO  =  12^  pounds,  just  one-half  as  much  as  before,  and  the 
wear  and  liability  to  heat  would  be  one-half  as  great  also. 
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TABLE  31. 

COBFFICIBNTS  OP  PRICTIOIV* 


Description  of  Surfaces  in 
Contact. 


Oak  on  Oak 

Oak  on  Oak 

Wrought  Iron  on  Oak 

Wrought  Iron  on  Oak 

Cast  Iron  on  Oak 

Cast  Iron  on  Oak 

Wrought  Iron  on  Cast  Iron 


Wrought  Iron  on  Bronze 


Cast  Iron  on  Cast  Iron. 


Disposition 
of  Fibers. 


Parallel 
Parallel 
Parallel 
Parallel 
Parallel 
Parallel 


State  of  the 
Surfaces. 


Dry 
Soaped 

Dry 
Soaped 

Dry 

Soaped 

Slightly 

Unctuous 

Slightly 

Unctuous 

Slightly 

Unctuous 


Coefficient 
of  Friction 


.48 
.16 
.62 
.21 
.49 
.19 
.18 

.18 

.15 


1S94*  The  power  which  is  required  to  raise  a  weight,  or 
overcome  an  equal  resistance  in  any  machine,  is  thus  always 
greater  than  this  weight  or  resistance  divided  by  the  velocity 
ratio  of  the  machine. 

Thus,  if  there  were  no  friction,  a  machine  whose  velocity 
ratio  were  5  would,  by  an  application  of  a  force  of  100  pouAds, 
raise  a  weight  of  500  pounds. 

Now,  suppose  that  the  friction  in  the  machine  is  equiva- 
lent to  the  application  of  a  force  of  10  pounds;  then,  it 
would  take  a  force  of  110  pounds  to  raise  the  weight  of  500 
pounds. 

If,  in  the  above  illustration,  friction  were  neglected, 
110  pounds  X  5  =  550  pounds,  or  the  weight  that  110  pounds 
would  raise;  but,  owing  to  the  frictional  resistance,  it  only 
raised  500  pounds.  Therefore,  we  have  for  the  ratio  between 
the  two  IfJ  =  .91.     That  is. 


500  :  550::. 91  :  1. 
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1898«  Efnciency. — This  ratio  between  the  weight 
actually  raised  and  the  power  multiplied  by  the  velocity 
ratio  is  called  the  efnclency  of  ttie  macliioe. 

For  example,  if  the  weight  actually  raised  by  a  machine, 
say  a  screw,  is  1,600  pounds,  and  the  power  multiplied  by 
the  velocity  ratio  is  2,400  pounds,  the  eflSciency  of  this 

machine  is    '        =  .  66f ,  or  66f 5^. 

Example. — In  a  machine  having  a  combination  of  pulleys  and  gears, 
the  velocity  ratio  of  the  whole  is  9.75.  A  fprce  of  250  pounds  just 
lifts  a  weight  of  1,626  pounds.     What  is  the  efficiency  of  the  machine  ? 

1  A2A 

Solution.— Efficiency  =-5=7^^ — iTFr  =  .6671,  or  66.71^    Ans. 

1896«  Since  the  total  amount  of  friction  varies  with 
the  load,  it  follows  that  the  efficiency  will  also  vary  for 
different  loads. 

If  the  efficiency  of  a  machine  is  known,  the  force  actually 
required  to  raise  a  given  load  may  be  found  by  dividing  the 
load  by  the  product  of  the  velocity  ratio  of  the  machine  and 
the  efficiency.  Thus,  if  a  certain  machine  has  a  velocity 
ratio  of  10.6,  and  its  efficiency  is  60j^,  the  force  which  must 
actually  be  applied  to  raise  a  load  of  840  pounds  is  840  -f- 
10.6  X  .GO  =  840 -V- 6.36=  132.1  pounds,  nearly.  If  there 
had  been  no  losses  through  friction,  etc.,  the  force  required 
would  have  been  840  -r-  10.6  =  79.25  pounds,  nearly. 

If  the  efficiency  is  known,  the  weight  which  a  certain 
force  will  raise  may  be  found  by  multiplying  together  the 
force,  velocity  ratio,  and  the  efficiency.  Thus,  if  a  certain 
machine  has  a  velocity  ratio  of  6^  and  an  efficiency  of  78^^, 
a  force  of  140  pounds  will  raise  a  weight  of  140  x  6^  X  .78  = 
709.8  pounds. 

When  finding  the  force  necessary  to  overcome  the  friction, 
the  perpendicular  pressure  on  the  surface  considered  must 
always  be  taken.  Thus,  to  find  the  greatest  perpendicular 
pressure  on  the  guides  of  a  steam-engine  due  to  the  action 
of  the  piston-rod  and  connecting-rod  on  the  cross-head, 
multiply  the  total  piston  pressure  by  the  length  of  the  crank, 
and  divide  by  the  length  of  the  connecting-rod.     This  result. 


k 
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multiplied  by  the  proper  coefficient  of  friction,  will  g^ivc  the 
friction  of  the  cross-head  on  the  g^des. 

Example. — An  en^^iiie  whose  pistoii  is  16  inches  in  diameter  carries 
a  steam  pressure  of  SO  pounds  per  square  inch.  If  the  crank  is 
18  inches  long  and  the  connecting-rod  is  66  inches  long,  what  is  the 
perpendicular  pressure  cm  the  guides?  The  coefficient  of  friction 
for  this  case  being  Idjt,  what  force  will  be  required  to  overcome  the 
friction  ? 

SoLUTiox. — Pressure  on  piston  =  1«»  x  .7854  X  80  =  16,065  lb. 
i?i5^^  =  2.924.55  lb.  =  perpendicular  pressure.  Ans.  3,934.55  X 
.12  =  350.95  lb.  =  force  required  to  overcome  the  friction.     Ans. 


EXAMPLES  FOR  PBACXICB. 

1.  How  great  a  force  must  be  applied  to  the  free  end  of  the  rope  of 
a  block  and  tackle  which  has  four  movable  pulleys,  to  raise  a  weight  of 
746  pounds?     .  Ans.  93^  lb. 

2.  An  inclined  plane  is  80  feet  long  and  7  feet  high;  what  force  is 
required  to  roll  a  barrel  of  flour  weighing  196  poimds  up  the  plane,  fric- 
tion being  neglected  ?  Ans.  46.7^  lb. 

3.  The  distance  from  the  axis  of  a  screw  to  the  point  on  the  handle 
where  the  force  is  applied  is  twelve  inches.  The  screw  has  8  threads 
per  inch.     What  force  is  necessary  to  raise  a  weight  of  1,348  pounds  ? 

Ans.  2.07  lb.,  nearly. 

4.  In  example  3,  what  should  be  the  leng^  of  the  handle  to  raise  a 
weight  of  5,400  pounds  by  the  application  of  a  force  of  30  pounds  ? 

Ans.  5.871  inches,  nearly. 

5.  What  is  the  velocity  ratio  (a)  in  example  8  ?  {d)  in  example  4  ? 

-        (  (a)  603,  nearly. 
^^  }  (d)  370. 

6.  An  engine*piston  is  24  inches  in  diameter.  If  the  steam  pressure 
is  93  pounds  per  square  inch ;  the  length  of  the  eonnecting-rod,  8  feet 
4  inches ;  the  length  of  crank  30  inches,  and  coefficient  of  friction  14j^, 
(a)  what  is  the  perpendicular  pressure  on  the  glides  ?  (d)  the  force  re- 
quired to  overcome  the  friction  ?  a       i  ^^^  8,414.46  lb. 

^^^i  (^)  1,178  lb. 

CENTRIFUGAL  FORCE. 

1897*  If  a  body  be  fastened  to  a  string  and  whirled  so 
as  to  give  it  a  circ'ular  motion,  there  will  be  a  pull  on  the 
string  which  will  be  greater  or  less  according  as  the  velocity 
increases  or  decreases.  The  cause  of  this  pull  on  the  string 
will  now  be  explained. 


48  MECHANICS.  §  16 

Suppose  that  the  body  is  revolved  horizontally,  so  that 
the  action  of  gravity  upon  it  will  always  be  the  same.  Ac- 
cording to  the  first  law  of  motion,  a  body  put  in  motion 
tends  to  move  in  a  straight  line  unless  acted  upon  by  some 

other  force,  causing  a  change  in  the  direc- 
tion. When  the  body  moves  in  a  circle, 
the  force  that  causes  it  to  move  in  a  cir- 
cle instead  of  a  straight  line  is  exactly 
equal  to  the  tension  of  the  string.  If  the 
string  were  cut,  the  pulling  force  that 
draws  it  away  from  the  straight  line  would 
be  removed,  and  the  body  would  then  **  fly  off  at  a  tangent;  " 
that  is,  it  would  move  in  a  straight  line  tangent  to  the  circle, 
as  shown  in  Fig.  627. 

1898.  Since,  according  to  the  third  la^  of  motion, 
every  action  has  an  equal  and  opposite  reaction,  we  call  that 
force  which  acts  as  an  equal  and  opposite  force  to  the  pull 
of  the  string  the  centrifugal  force,  and  it  acts  away  from 
the  center  of  motion. 

The  other  force,  or  the  pull  of  the  string  towards  the 
center,  is  called  the  centripetal  force,  and  it  acts  towards 
the  center  of  motion.  It  is  evident  that  these  two  forces, 
acting  in  opposite  directions,  tend  to  pull  the  string  apart, 
and,  if  the  velocity  be  increased  sufficiently,  the  string  will 
break.  It  is  also  evident  that  no  body  can  revolve  without 
generating  centrifugal  force. 

The  value  of  the  centrifugal  force,  expressed  in  pounds, 
of  any  revolving  body  is  calculated  by  the  following  rule: 

Rule. — TJic  centrifugal  force  is  equal  to  the  continued 
product  of  ,0003 J^^  the  lueight  of  the  body  in  pounds^  the 
radius  in  feet  {taken  as  the  distance  between  the  center  of 
gravity  of  the  body  and  the  center  about  which  it  revolves), 
and  the  square  of  the  number  of  revolutions  per  minute. 

Let  F  =  centrifugal  force  in  pounds; 

W=^  weight  of  revolving  body  in  pounds; 
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R  =  radius  in  feet  of  circle  described  by  center  of 

gravity  of  revolving  body ; 
N  =  revolutions  per  minute  of  revolving  body. 

Then,         F  =  .  00034  W  R  N\  (11 2.) 

In  calculating  the  centrifugal  force  of  fly-wheels,  it  is  the 
usual  practice  to  consider  the  rim  of  the  wheel  only,  and  not 
take  the  arms  and  hub  of  the  wheel  into  account.  In  this 
case,  R  would  be  taken  as  the  distance  between  the  center  of 
the  rim  and  the  center  of  the  shaft. 

Example. — A  crank -pin  weighing  65  pounds  revolves  in  a  circle 
whose  radius  is  21  inches.  The  number  of  revolutions  is  180.  What  is 
the  centrifugal  force  set  up  by  the  pin  ? 

Solution. —    21  in.  =  If  ft.    Using  formula  112, 

i^=  .00084  X  65  X  U  X  180»  =  1.25a07  lb.    Ana. 


SPECIFIC  GRAVITY. 

1 899.  The  specific  gravity  of  a  body  is  the  ratio 
between  its  weight  and  the  weight  of  a  like  volume  of  water. 

Since  gases  are  so  much  lighter  than  water,  it  is  usual  to 
take  the  specific  gravity  of  a  gas  as  the  ratio  between  the 
weight  of  a  certain  volume  of  the  gas  and  the  weight  of 
the  same  volume  of  air. 

Example. — A  cubic  foot  of  cast  iron  weighs  450  pounds;  what  is  its 

specific  gravity,  a  cubic  foot  of  water  weighing  62.5  pounds  ? 

450 
Solution. —    sjr-=-  =  7.2.    Ans. 

02s.D 

1900.  The  specific  gravities  of  different  bodies  are 
given  in  the  tables  of  Specific  Gravities;  hence,  if  it  is 
desired  to  know  the  weight  of  a  body  that  can  not  be 
conveniently  weighed,  calculate  its  cubical  contents^  and  mul- 
tiply the  specific  gravity  of  the  body  by  the  weight  of  a  like 
volume  of  water ^  remembering  that  a  cubic  foot  of  water 
weighs  62.5  pounds. 

Example. — How  much  will  3,214 cubic  inch's  of  cast  iron  weigh? 
Take  its  specific  gravity  as  7.21. 


C  Oi^f\n 
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Solution. — Since  1  cubic  foot  of  water  weighs  62.5  pounds,  8,214 
cubic  inches  weigh  p=^  x  62.5  =  116.25  pounds. 

116.25  X  7.21  =  838.16  pounds.    Ans. 
Example. — ^What  is  the  weight  of  a  cubic  inch  of  cast  iron  ? 

Solution.—    r-^  x  7.21  =  .2608  pound.    Ans. 

Note. — One  cubic  foot  of  pure  distilled  water  at  a  temperature  of 
89.2*'  Fahrenheit  weighs  62.42  pounds,  but  the  value  usually  taken  in 
making  calculations  is  62|  pounds. 

Example. — What  is  the  weight  in  pounds  of  7  cubic  feet  of  oxygen  ? 

Solution. — One  cubic  foot  of  air  weighs  .08073  lb.  (see  table  of 
Specific  Gravities),  and  the  specific  gravity  of  oxygen  is  1.1056  com- 
pared with  air ;  hence.  .08073  X  1- 1056  X  7  =  .62479  pound,  nearly.   Ans. 


BXAMPLB8  FOR  PRACTICE. 

1.  The  balls  of  a  steam-engine  governor  each  weigh  5  pounds.  If 
they  revolve  in  a  circle  whose  diameter  is  14  inches  at  the  rate  of  80 
revolutions  per  minute,  what  is  the  centrifugal  force  of  each  ball  ? 

Ans.  6.347  lb.,  nearly. 

2.  If  a  cubic  foot  of  a  certain  alloy  weighs  678  pounds,  what  is  its 
specific  gravity  ?  Ans.  10.848. 

3.  What  is  the  weight  of  (a)  12.4  cubic  inches  of  lead  ?  (^)  of  steel  ? 
(c)  of  aluminum  ?  r  (a)  5.0964  lb. 

Ans.]  (d)  3.52161b. 
(  {c)  1.116  lb. 

4.  The  specific  gravity  of  an  alloy  of  lead  and  zinc  is  8.26;  what  is 
the  weight  of  a  cubic  foot  ?  Ans.  516.25  lb. 


WORK  AND  ENERGY. 

1901.     Work  is  tJic  overcoming  of  resistance  continually 

occurring  along  tJic  path  of  motion.  Mere  motion  is  not 
work,  but  if  a  body  in  motion  constantly  overcomes  a  re- 
sistance, it  does  work. 

1902*  TJie  meuHure  of  ^rork  is  one  pound  raised 
vertically  one  foot  ^  and  is  called  one  foot-pound.  All  work 
is  measured  by  this  standard.  A  horse  going  up  hill  does 
an  amount  of  work  equal  to  his  own  weight,  plus  the  weight 
of  the  wagon  and  contents,  plus  the  frictional  resistances 
reduced  to  an  equivalent  weight,  multiplied  by  the  vertical 
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height  of  the  hill.  Thus,  if  the  horse  weighs  1,200  pounds, 
the  wagon  and  contents  1,200  pounds,  and  the  frictional  re- 
sistances equal  400  pounds,  then,  if  the  vertical  height  of  the 
hill  is  100  feet,  the  work  done  is  equal  to  (1,200  +  1,200  + 
400)  X  100  =  280,000  foot-pounds. 

Rule. —  To  find  the  work^  multiply  the  force  {or  resistance) 
by  the  distance  through  which  it  acts.  If  the  work  consists  in 
raising  a  weighty  it  is  equal  to  the  product  of  the  weight  mul- 
tiplied by  the  vertical  height  of  the  lift. 

The  total  amount  of  work  is  independent  of  time,  whether 
it  takes  one  minute  or  one  year  in  which  to  do  it,  but  in 
order  to  compare  the  work  done  by  different  machines  with 
a  common  standard,  time  must  be  considered.  If  one 
machine  does  a  certain  amount  of  work  in  10  minutes,  and 
another  machine  does  exactly  the  same  amount  of  work  in 
5  minutes,  the  second  machine  can  do  twice  as  much  work 
as  the  first  in  the  same  time. 

1 903«  The  common  standard  to  which  all  work  is  re- 
duced is  the  horsepower y  which  is  abbreviated  H.  P.  One 
horsepower  is  equal  to  33 ^000  foot-pounds  per  minute;  in  other 
words^  it  is  the  work  done  in  raising  33 fiOO  pounds  vertically 
one  foot  in  one  minute ^  or  in  raising  1  pound  vertically  33fiOO 
feet  in  one  minute^  or  any  combination  that  will^  when  multi- 
plied  together^  give  33  fiOO  foot -pounds  in  one  minute. 

Thus,  the  work  done  in  raising  110  pounds  vertically 
5  feet  in  one  second  is  a  horsepower,  for,  since  in  one  minute 
there  are  60  seconds,  110  X  5  X  60  =  33,000  foot-pounds  in 
one  minute. 

Example. — If  the  coefficient  of  friction  is  .3,  how  many  horsepower 
will  be  required  to  draw  a  load  of  10,000  pounds  on  a  level  surface,  a 
distance  of  one  mile  in  one  hour  ? 

Solution. —    10,000  X  .3  =  3,000  pounds  =  the  force    necessary    to 

overcome   the  resistance  (resistance  of  the  air  is  neglected).^   One 

5  280 
mile  =  5,280  feet;  one  hour  =  60  minutes.     Therefore,  '-^^n-  =  88  feet 

oU 

per  minute. 

Work  done  =  force  multipHed  by  the  space  =  8,000  X  88  =  264.000 

foot-pounds  per  minute. 

„  264,000      ^       . 

Horsepower  = -jg^^^  =  8.    Ans. 
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1  d04.     Enerfcy  is  a  term  used  to  express  tlie  ability  of 

an  agent  to  do  work.  Work  can  not  be  done  without  motion, 
and  the  work  that  a  moving  body  is  capable  of  doing  in  be- 
ing brought  to  rest  is  called  the  kinetic  enersry  of  the  body. 
Kinetic  energy  means  the  actual  visible  energy  of  a  body 
in  motion.  The  work  which  a  moving  body  is  capable  of 
doing  in  being  brought  to  rest  is  exactly  the  same  as  the 
kinetic  energy  developed  by  it  in  falling  in  a  vacuum  through 
a  height  sufficient  to  give  it  the  same  velocity. 

Rule. —  The  kinetic  energy  of  a  movitig  body  in  foot-pounds 
equals  its  iveight  in  pounds  multiplied  by  the  square  of  its 
velocity  in  feet  per  second,  and  divided  by  64^32. 

Let  IV  =  weight  of  body  in  pounds; 
2'  =  velocity  in  feet  per  second; 
K  =  kinetic  energy  in  foot-pounds. 

If  a  weight  is  raised  to  a  certain  height,  a  certain  amount 
of  work  is  done  equal  to  the  product  of  the  weight  and  the 
vertical  height.  If  a  weight  is  suspended  at  a  certain  height 
and  allowed  to  fall,  it  will  do  the  same  amount  of  work  in 
foot-pounds  that  was  required  to  raise  the  weight  to  the 
height  through  which  it  fell. 

ExAMPLK. — If  a  b»)(ly  weighing  25  pounds  falls  from  a  height  of 
100  feet,  how  much  work  can  it  do  ? 

Solution.— Work  —  11'//  =  25  x  100  -.:=  2.500  foot-pounds.     Ans. 

It  requires  the  same  amount  of  work  or  energy  to  stop  a 
body  in  motion  within  a  certain  time  as  it  does  to  give  it 
that  velocity  in  the  same  time. 

Example. — A  body  weighing  50  j)ounds  has  a  velocity  of  100  feet 
per  second;  what  is  its  kinetic  energy  ? 

Solution. — Applying  formula  113, 

G4"5l2  "^  ~  04  T{2"  "  "^  ^'  •  '^-^'^  foot-pounds.     Ans. 

Example. — In  the  last  example,  how  many  horsepower  will  be 
required  to  give  the  body  this  amount  of  kinetic  energy  in  3  seconds? 
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Solution. —    1  H.  P.  =  33,000  pounds  raised  1  foot  in  1  minute. 

If  7,773.63  foot-pounds  of  work  are  done  in  3  seconds,  in  1  second  there 

7  77Q  ftQ 

would   be  done     *       ' —  =  2,591.21  foot-pounds  of  work.     One  horse- 
power =  33,000  ft. -lb.  per  min.  =  33,000  ^  60  =  550  ft. -lb.  per  sec. 

The  number  of  horsepower  developed  will  be    '  ^' —  =  471  H.  P. 

550  . 

Ana. 

1905*  Potential  eners^y  is  latent  energy ;  it  is  the 
energy  which  a  body  at  rest  is  capable  of  giving  out  under 
certain  conditions. 

If  a  stone  is  suspended  by  a  string  from  a  high  tower,  it 
has  potential  energy.  If  the  string  is  cut,  the  stone  will  fall 
to  the  ground,  and  during  its  fall  its  potential  energy  will 
change  into  kinetic  energy,  so  that  at  the  instant  it  strikes 
the  ground  its  potential  energy  is  wholly  changed  into 
kinetic  energy. 

At  a  point  equal  to  one-half  the  height  of  the  fall,  the 
potential  and  kinetic  energies  are  equal.  At  the  end  of  the 
first  quarter,  the  potential  energy  was  f ,  and  the  kinetic 
energy  \\  at  the  end  of  the  third  quarter,  the  potential 
energy  was  ^,  and  the  kinetic  energy  f . 

A  pound  of  coal  has  a  certain  amount  of  potential  energy. 
When  the  coal  is  burned,  the  potential  energy  is  liberated 
and  changed  into  kinetic  energy  in  the  form  of  heat.  The 
kinet'ic  energy  of  the  heat  changes  water  into  steam,  which 
thus  has  a  certain  amount  of  potential  energy.  The  steam 
acting  on  the  piston  of  an  engine  causes  it  to  move  through 
a  certain  space,  thus  overcoming  a  resistance,  changing  the 
potential  energy  of  the  steam  into  kinetic  energy,  and  thus 
doing  work. 

Potential  energy ^  ttun^  is  the  energy  stored  icithin  a  body^ 
which  may  be  liberated  and  produce  motion^  thus  generating 
kinetic  energy^  and  enabling  work  to  be  done. 

1906.     The  principle   of    conservation  of    enerfl^y 

teaches  that  energy,  like  matter,  can  never  be  destrr>ycd. 
If  a  clock  is  put  in  motion,  the  potential  energy  of  the 
spring  is  changed  into  kinetic  energy  of  motion,  which 
tumsthe  wheels,  thus  producing  friction. 
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The  friction  produces  heat,  which  dissipates  into  the  sur- 
rounding air,  but  still  the  energy  is  not  destroyed — it  merely 
exists  in  another  form.  The  potential  energy  in  coal  was 
received  from  the  sun  in  the  form  of  heat  ages  ago,  and  has 
lain  dormant  for  millions  of  years. 


BELTS. 

1907.  A  belt  is  a  flexible  connecting-band  which 
drives  a  pulley  by  its  frictional  resistance  to  slipping  at  the 
surface  of  the  pulley.  Belts  are  most  commonly  made  of 
leather  or  rubber,  and  united  in  long  lengths  by  cementing^ 
riveting^  or  lacing. 

Belts  are  made  single  and  double,  A  single  belt  is  one 
composed  of  a  single  thickness  of  leather;  a  double  belt 
is  one  composed  of  two  thicknesses  of  leather  cemented 
and  riveted  together  the  whole  length  of  the  belt. 

1 908.  To  Find  tbe  Lenstb  of  a  Belt. — In  practice, 
the  necessary  length  for  a  belt  to  pass  around  pulleys  that 
are  already  in  their  position  on  a  shaft  is  usually  obtained 
by  passing  a  tape-line  around  the  pulleys;  the  stretch  of  the 
tape-line  is  allowed  as  that  necessary  for  the  belt.  The 
lengths  of  open-running  belts  for  pulleys  not  in  position 
can  be  obtained  as  follows: 

Rule. —  T/ie  Icjigthof  a  belt  for  open-running  pulleys  equals 
S\  times  one-half  the  sum  of  the  diameters  of  the  pulleys  plus 
2  times  the  distance  between  the  centers  of  the  sliafts^ 

Let  D  =•  diameter  of  one  pulley; 
D^  =  diameter  of  other  pulley ; 
L  =  distance  between  the  centers  of  the  shafts; 
B  =  length  of  the  belt. 

Then,       B=3i(^^^\  +  2L,  (114.) 

Example. — The  distance  between  the  centers  of  two  shafts  is  9  feet 
7  inches;  the  diameter  of  the  large  pulley  is  30  inches,  and  the  diame- 
ter of  the  small  one  is  14  inches ;  what  is  the  necessary  length  of  the 
belt? 


k 


§  16  MECHANICS.  «5 

Solution. — Substituting  in  formula  ll^,  we  have,  since  9  feet 
7  inches  =  115  inches, 

^=:8i(?^^)  +  2xll5  =  811iin..or26ft.  lliin.    Ana. 

1 909.  To  find  the  width  of  a  single  leather  belt  that 
will  transmit  any  given  horsepower  when  equal  pulleys  are 
used: 

Rule. — The  width  of  the  belt  in  inches  equals  800  times  the 
horsepower  to  be  transmitted  divided  by  the  speed  of  the  belt 
in  feet  per  minute. 

Let  W  =  width  of  single  belt  in  inches; 
H  =■  horsepower  to  be  transmitted; 
S  =  speed  of  belt  in  feet  per  minute. 

Then,  jr=250^.  (115.) 

Example. — ^What  width  of  single  leather  belt  is  required  to  transmit 
20  horsepower  when  equal  pulleys  are  used  and  the  speed  is  1,000  feet 
per  minute  ? 

Solution. — Substituting  in  formula  115, 

,.,     800x20      -rt.     ,  . 

^  =     1  o/wt     =  10  inches.    Ans. 

l,fXIU 

191 0.  To  find  the  number  of  horsepower  that  a  single 
leather  belt  will  transmit,  its  width  and  speed  being  given: 

Rule. — The  number  of  horsepower  equals  the  product  of 
the  width  in  inches  and  the  speed  in  feet  per  minute  divided 
by  800. 

Or.  H  =  y^.  (116.) 

Example. — If  a  16-inch  single  leather  belt  is  to  be  run  at  a  speed  of 
700  feet  per  minute,  what  horsepower  will  it  transmit  ? 

Solution. — Substituting  in  formula  1 16,  we  have 
^—  — QAA —  =  1^  horsepower.     Ans. 

When  the  pulleys  are  of  different  diameter,  the  arc  of 
contact  must  be  considered.  To  find  the  number  of  degrees 
in  the  arc  of  contact,  multiply  the  length  of  belt  in  contact 
on  the  smaller  pulley  by  360^  and  divide  the  product  by  the 
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*-x>.a»«f»vrc-*.v   .  *"  :'.<    fuiur.  la/tu/a/iajr  the  result  to  the 
X€-j''iS:  r.-^j.V  «rA  "KTt^.      r':tr  /»*.'//>«/  ts  the  arc  of  contact, 

Havir*^  f.ur.vi  the  arc  of  contact,  subtract  it  from  18€f* 
4i**/ !7:a/.-rr-V  ."  h-  r^s:..':  }:- J.  Add  this  last  result  to  800; 
t-zt  KSL fKTcr  .-'Jij-  ^rr^ittJ  s-zould  be  used  instead  of  800  in 
f^rTttM^^is  115  .r'ci'  116. 

Example. — 'Wliit  should  be  the  width  of  a  single  leather  belt  to 
tnnsr?.::  :^5.:S4  horse wwer  it  a  speed  of  1,500  feet  per  minute,  the 
duimeter  o:  the  sr-aller  puller  being  24',  and  the  belt  having  80'  of  its 
length  in  vx^ntact  with  it  ? 

S^^LX-Tiox.— Arc  of  coctaot  =  ^^  aui6  =  ^^''  (1^  -  143)  X  8 - 
111.     AX>  -  1 11  =  91 1.     Using  formula  115,  and  911  instead  of  800, 

;r  =  ^^  W!^^^  =  15.83',  say  15^'.    Ans. 

1.5UU 

1911.  To  dnd  the  width  of  a  double  belt  that  will 
transmit  the  same  h^-rsepower  as  a  given  single  belt,  let  W^ 
represent  the  width  of  the  double  belt;  then, 

Rultt. — Multiply  t\e  zcid:li  if  a  single  belt  that  will  trans- 
mit  the  same  hc^sef'Ki.'cr  by  \, 

Or.  \\\^\U\  (117.) 

KxAMri.K. — It  a  single  leather  belt  is  15'  in  width  and  transmits 
21. SIS  horst^ixnver.  what  must  be  the  width  of  a  double  belt  to  transmit 
the  s.inu*  hv»rsi*|x>wor  ? 

SouiTioN. — Applying  formula  117, 

\\\    :  ir*  \  I  ~  10  in.  —  width  of  double  belt.     Ans. 

1912*  Kaclnif  BcItH. --;»rany  ^ood  methods  of  fasten- 
ing I  hi'  ends  i>t  belts  are  employed,  but  lacing  is  generally 
used,  as  il  is  llexiMe  like  the  belt,  and  runs  noiselessly  over 
tlie  pulleys. 

When  j>unchin^  a  belt  for  lacing,  use  an  oval  punch,  the 
long  diameter  of  the  hole  to  be  parallel  with  the  side  of 
the  belt. 

In  a  IJ-inch  belt,  there  should  be  four  holes  in  each  end, 
two  in  each  row.  In  a  O-inch  belt,  seven  holes,  four  in  the 
row  nearest  the  end.  A  lo-inch  belt  should  have  nine  holes, 
five  in  the  row  nearest  the  end.     The  edges  of  the  holes 
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should  not  be  nearer  than  f  of  an  inch  from  the  sides,  and  J 
of  an  inch  from  the  ends  of  the  belt.  The  second  row  should 
be  at  least  1}  inches  from  the  end. 

Always  begin  to  lace  from  the  center  of  the  belt,  and  take 
care  to  get  the  ends  exactly  in  line.  The  lacing  should  not 
be  crossed  on  the  side  of  the  belt  that  runs  next  to  the 
pulley.  Always  run  the  hair  side  of  the  belt  next  to 
the  pulley. 

EXAMPLES  FOR  PRACTICE. 

1.  How  many  foot-pounds  of  work  are  required  to  overcome  for 
7  minutes  the  friction  of  the  cross-head  of  an  engine  which  has  a  stroke 
of  4  feet  and  makes  160  strokes  per  minute,  if  the  coefficient  of  friction 
is  S%  and  the  average  perpendicular  pressure  is  12,460  pounds  ? 

Ans.  4,465,664  ft. -lb. 

2.  In  the  above  example,  what  horsepower  is  required  ? 

Ans.  19.332  H.  P. 

3.  A  cannon-ball  weighing  500  pounds  is  fired  with  a  velocity  of 
1,600  feet  per  second ;  what  is  its  kinetic  energy  ? 

Ans.  19,900,497.5  ft. -lb. 

4.  An  open  belt  drives  two  pulleys  which  are  respectively  42  inches 
and  20  inches  in  diameter  and  23  feet  apart  between  their  centers; 
what  should  be  the  length  of  the  belt  ?       Ans.  652f  in. ,  or  54  ft.  4f  in. 

5.  What  width  of  single  leather  belting,  which  has  2  feet  9  inches 
contact  on  the  small  pulley,  is  required  to  transmit  10  horsepower  at  a 
speed  of  1,500  feet  per  min.  ?  Give  width  to  nearest  half  inch.  Diam- 
eter of  small  pulley,  26  inches.  Ans.  6  in. 

6.  What  should  be  the  width  of  the  main  belt  of  a  steam-engine  to 
transmit  120  horsepower?  The  engine  runs  at  80  R.  P.  M.,  the  band 
wheel  is  8  feet  in  diameter,  the  belt  is  double  and  has  a  contact  of 
6  feet  on  the  smaller  pulley,  which  is  5  feet  in  diameter.  Take  the 
speed  of  the  belt  the  same  as  that  of  a  point  on  the  circumference  of 
the  band-wheel.  Ans.  30^  in. 

7.  A  26-inch  double  belt  runs  at  a  speed  of  2,830  feet  per  min.  and 
has  a  contact  of  5  feet  on  the  smaller  pulley;  what  horsepower  is  it 
transmitting  ?    Diameter  of  small  pulley  is  48  inches. 

Ans.  121.15  H.  P. 
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THE  COMPOSITION  OF  FORCES. 

1913.  When  two  forces  act  upon  a  body  at  the  same 
time  but  at  different  angles,  their  final  result  may  be  ob- 
tained as  follows: 

In  Fig.  628,  let  A  be  the  common /^«i/  o/  application  of 
the  two  forces,  and  let  A  B  and  A  C  represent  the  fnagnitudr 
and  direction  of  the  forces.  Accord-  A  SO  lb.  B 
ing  to  the  second  law  of  motion,  the 
final  effect  of  the  movement  due  to 
these  two  forces  would  be  the  same, 
whether  they  acted  singly  or  together. 
Suppose  that  the  line  A  B  represents 
the  distance  that  the  force  A  B  would 
cause  the  body  to  move;  similarly, 
that  A  C  represents  the  distance 
which  the  force  A  C  would  cause  the  F'g.  oeB. 

body  to  move  when  both  forces  were  acting  separately. 
The  force  A  B^  acting  alone,  would  carry  the  body  to  -^;  if 
the  force  A  C  were  now  to  act  upon  the  body,  it  would  carry 
it  along  the  line  B  Z>,  parallel  to  -^  C,  to  a  point  />,  at  a 
distance  from  B  equal  to  A  C.  Join  C  and  D\  then,  C  D  \s 
parallel  to  A  B^  and  A  B  D  C\^  2l  parallelogram.  Draw  the 
diagonal  A  D,  According  to  the  second  law  of  motion,  the 
body  will  stop  at  27,  whether  the  forces  act  separately  or 
together,  but  if  they  act  together,  the  path  of  the  body  will 
be  along  A  Z?,  the  diagonal  of  the  parallelogram.  More- 
over, the  length  of  the  line  A  D  represents  the  magnitude 
of  a  force,  which,  acting  at  A  in  the  direction  A  D^  would 
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cause  the  body  to  move  from  A  to  D;  in  other  words,  A  A 

measured  to  the  same  scale  as  A  B  and  A  C^  represents  in 

mag  flit  ude  and  direction  the  combined   effect  of   the   two 

forces  A  B  and  A  C. 

This  line  ^^  Z7  is  called  the  resultant.     Suppose  that  the 

scale  used  was  50  pounds  to  the  inch ;  then,  if  A  B=50  pounds, 

50 
and  A  C  =  02^-  pounds,  the  length  oi  A  B  would  be  —  =  1 

ou 

inch,  and  the  length  oiA  C  would  be  — ^  =  1^  inches.      If 

A  D^  or  the  resultant^  measures  1}  inches,  its  magnitude 
would  be  1 J  X  50  =  87^  pounds. 

Therefore,  a  force  of  87i-  pounds  acting  aipon  a  body  at  A 
in  the  direction  A  D  will  produce  the  same  result  as  the 
combined  effects  of  a  force  of  50  pounds  acting  in  the  direction 
A  B^  and  a  force  of  624-  pounds  acting  in  the  direction  A  C, 

1914.  The  above  method  of  finding  the  resulting  action 
of  two  forces  acting  upon  a  body  at  a  common  point  is  cor- 
rect, whatever  may  be  their  direction  and  magnitudes. 
Hence,  to  find  the  resultant  of  two  forces  when  their 
common  point  of  application,  their  direction,  and  magnitudes 
are  known : 

Rule. — Assume  a  pointy  and  draw  two  lines  parallel  to  tie 

directions  of  t/te  lines  of  actioji  of  the  two  forces.  With  any 
convenient  scale,  measure  off  fro fn  the  point  of  intersection 
{cofnmon  point  of  application)  distances  corresponding  to  the 
magnitudes  of  the  respective  forces,  and  complete  the  parallel- 
ogram. From  the  eotntnon  point  of  application,  draiu  the 
diagonal  of  the  parallelogram ;  this  diagonal  will  be  the 
resultant,  and  its  direction  will  he  a^uay  from  the  point  of 
application.  Its  magnitude  should  be  measured  with  the  same 
scale  that  was  used  to  measure  the  two  forces. 

This  method  is  called  the  Ki^aplilcal  method  of  the 
parallclojt^ram  of  forces. 

1915.  The  principle  of  the  parallelogram  of  forces  is 
clearly  shown  in  Fij^:.  fJt^O.  A  J>  D  C  is  a  wooden  frame, 
jointed  to  allow  motion  at  its  four  corners.     The  length 
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A  B  equals  C  D\  that  of  A  C  equals  B  D,  and  the  corre- 
sponding adjacent  sides  are  in  the  ratio  of  2  to  3.  Cords 
pass  over  the  pulleys  M  and  JV,  carrying  weights  IV 
and  zt/,  of  90  and  60  pounds.  The  ratio  between  the  weights 
equals  the  ratio  of  the  corresponding  adjacent  sides.  A 
weight  Vof  120  pounds  is  hung  from  the  corner  A. 
When  the  frame  comes  to  rest,  the  sides  A  B  and  A  C  lie 


Fig.  029. 

in  the  direction  of  the  cords.  These  sides  A  B  and  A  C  are 
accurate  graphic  representations  of  the  two  forces  acting 
upon  the  point  A,  It  will  be  found  that  the  diagonal  A  D 
is  vertical,  and  twice  as  long  as  A  C  ;  hence,  since  A  C  rep- 
resents a  force  of  60  pounds,  A  D  will  represent  a  force  of 
2  X  60,  or  120  pounds. 

Thus,  we  see  that  the  line  A  D  represents  the  resultant 
of  the  two  forces  A  B  and  A  C  \  in  other  words,  it  repre- 
sents the  resultant  of  the  two  weights  W  and  w.  This  re- 
sultant is  equal  and  opposite  to  the  vertical  force,  which  is 
due  to  the  weight  of  V, 
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Satisfactorv  results  of  this  kind  will  be  secured  when  we 
have  the  proportion 

A£:A  C=  IV  :  w. 

Example. — If  two  forces  act  upon  a  body  at  a  common  point,  both 
acting  away  from  the  body,  and  the  angle  between  them  is  80*,  what  is 
the  value  of  the  resultant,  the  magnitude  of  the  two  forces  being  00 
pounds  and  90  pounds.respectively  ? 

Solution'. — Draw  two  indefinite  lines  having  an  angle  of  80**  between 

them.    With  any  convenient  scale, 
>  ^^  say  10  pounds  to  the  inch,  meas- 

ure off  .J  i?  =  «)-*- 10  =  6  inches, 
and  A  C=  90  -*-10  =  9  inches. 

Through  B.  draw  B  D  parallel 
to  A  C,  and  through  C,  draw  CD 
parallel  to  A  B,  intersecting  at  Z>. 
Then,  draw  A  A  and  A  D  will  be 
the  resultant :  its  direction  is 
PiG.'oo.  ^        towards  the  point  /?,  as  shown  by 

the  arrow. 
Measuring  A  D  we  find    that    its  length  =  11.7  inches.      Hence, 
11.7  X  10  =  117  pounds.     Ans. 

Caution. — In  solving  problems  by  the  graphical  method,  use  as 
large  a  scale  as  possible.     More  accurate  results  are  then  obtained. 

1916*  The  above  example  might  also  have  been  solved 
by  the  method  called  the  trianffrie  of  forces,  which  is  as 

follows : 

In  Fig.  630,  suppose  that  the  two  forces  acted  separately, 
first  from  A  to  i>\  and  then  from  B  to  Z?,  in  the  direction  of 
the  arrows. 

Draw  A  D  ;  then  A  />  is  the  resultant  of  the  forces  A  B 
and  A  C,  since  B  P  =  A  C ;  but  A  />  is  a  side  of  the  tri- 
angle A  B  D.  It  will  also  be  noticed  that  the  direction  of 
yj  Z>  is  opposed  to  that  of  A  B  and  B  D\  hence,  to  find  the 
renultant  of  two  forces  actings  upon  a  body  at  a  common 
point,  by  the  method  of  triangle  of  forces: 

Rule. — Draiv  the  lines  of  aeiion  of  the  two  forces  as 
if  eaeh  force  acted  separately,  the  lengths  of  the  lines  being 
proportional  to  the  magnitude  of  the  forces,  foin  the 
extremities  of  the  two  lines  by  a  straight  line^  and  it  wilf 
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be  the  resultant ;  its  direction  will  be  opposite  to  t/iat  of 
the  two  forces. 

Note. — ^When  we  speak  of  the  resultant  being  opposed  in  direction 
to  the  other  forces  around  the  polygon,  we  mean  that,  starting  from 
the  point  where  we  be^n  to  draw  the  polygon,  and  tracing^  each  line 
in  succession,  the  pencil  will  have  the  same  general  direction  around 
the  polygon  as  if  pa^ng  around  a  circle,  from  left  to  right,  or  from 
right  to  left,  but  that  the  closing  line  or  resultant  must  have  an  oppo- 
site direction ;  that  is,  the  two  arrow-heads  must  foint  towards  the 
point  of  intersection  of  the  resultant  and  the  last  side, 

1 9 1 7«  Example. — Suppose  the  center  of  a  headwheel  is  elevated 
100  feet  above  the  center  of  a  hoisting-drum,  as  shown  in  Fig.  681. 
The  rope  from  the  headwheel  to  the  hoisting-drum  makes  an  angle  of 
80°  with  a  vertical  line,  and  the  weight  of  the  carriage  and  the  load  to 
be  hoisted  is  5  tons.  (1)  What  force  will  there  be  on  the  shaft  of  the 
headwheel  ?  (2)  In  what  direction  will  the  resultant  force  act,  or 
what  would  be  the  direction  in  which  the  headwheel  would  be  thrown 
if  its  shaft  should  break  ? 

Solution. — In  Fig.  631,  A  ^C  represents  the  rope  and  its  direction, 
with  one  end  fastened  to  load  C  The  other  end  is  passed  over  head 
wheel  By  and  wound  around 
drum  A,  Now,  as  the  rope 
is  held  in  position  by  drum 
At  the  tension  at  any  point 
is  equal  to  load  C.  Con- 
sequently, there  is  a  force  of 
5  tons  acting  in  the  direc- 
tion from  B  to  y^,  as  indi- 
cated by  the  arrow,  and  a 
like  force  acting  in  the  di- 
rection from  i?  to  C  as  indi- 
cated by  the  arrow.  ^  C  is 
assumed  to  be  vertical.  If 
we  produce  the  lines  A  B 
and  C  B  to  d,  d  \^  the 
point  of  application;  thus, 
we  have  the  point  of  appli- 
cation, magnitude,  and  di- 
rection of  the  acting  forces. 
Now,  if  we  use  a  scale 
1  inch  =  1  ton,  and  lay  off 
from  d,  the  point  of  applica-  Fig.  631. 

tion,  fivG  inches  or  divisions  on  each  component,  as  d  to  /,  /  to  ;f' , 
f  to  S',S'  to  4\  Jf  to  5\  and  d  to  1,  1  to  2,  2  to  3,  3  to  ^,  ^  to  5,  each 
inch  or  division  represents  one  ton,  and,  consequently,  the  five  inches 
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or  divisions  represent  five  tons,  or  the  total  force  of  each  component 
Then,  by  completing  the  parallelogram  r/5V5,  by  drawing  line  5' e 
parallel  to  CB ti,  and  line  5  e  parallel  to  A  Bti,  we  have  only  to  find 
how  many  times  the  resultant  de  contains  the  distance  lil.  If  the 
resultant  contains  ^/i  seven  times,  then  there  is  a  force  of  7  tons  on  the 
shaft  //,  acting  in  the  direction  de^  or  if  it  contains  dl  ten  times, 
then  there  is  a  force  of  10  tons  on  the  shaft  B,  and  .so  on.  Conse- 
quently, there  is  one  ton  for  each  division  we  get  on  the  line  d  c. 
Fig.  031  shows  9|  such  divisions;  consequently,  there  are  9i  tons  on 
the  shaft  7?,  acting  in  the  direction  d e.  The  above  discussion  supposes 
the  parts  to  be  at  rest. 

1918.  When  three  or  more  forces  act  upon  a  body  at  a 
given  point,  their  resultant  may  be  found  by  the  following 
rule: 

Rule. — Find  the  resultant  cf  any  two  forces ;  treat  this 
resultant  as  a  sifigle  force ^  and  combine  it  with  a  third  force 
to  find  a  second  resultant.  Combine  this  second  resultant  with 
a  fourth  force ^  to  find  a  third  resultant ^  etc.  After  all  the 
forces  have  been  thus  combined^  the  last  resultant  will  be  the 
resultant  of  all  the  forces  ^  both  in  magnitude  and  direction. 

Example. — Find  the  resultant  of  all  the  forces  acting  on  the  p>oint  O 
in  Fig.  632,  the  length  of  the  lines  being  proportional  to  the  mag^nitude 
of  the  forces. 

Solution. — Draw  O  E  parallel  and  equal  to  A  O,  and  -£"7^ parallel 
and  equal  to  BO;  then,  O  Eis  the  resultant  of  these  two  forces,  and  its 
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direction  is  from  O  to  /%  opposed  to  O  £  and  EF,    Treat  O  Fsls  HOE 
and  EEdid  not  exist,  and  draw  EG  parallel  and  equal  to  CO;  O G  will 
be  the  resultant  of  OT^and  EG\  but  C? /^  is  the  resultant  of  (9  iE"  and 
EF\  hence,  O  G  is  the  resultant  oi  O E,  EE,  and  EG  and  likewise  of 
AC,  BO,  and  CO.     The  line  EG  parallel  to  CO  could  not  be  drawn 
from   the   point  O  to   the  right  of  O  E^   for  in   that  case  it  would 
be  opposed  in  direction  tg  O  E\  but  EG  must  have  the  same  direction 
as  O  ^  in  order  that  the  resultant  may  be  opposed  to  both  O  /"and  EG, 
For  the  same  reason,  draw  G L  parallel  and  equal  to  DO.     Join  0 
and  Z.,  and  O  L  will  be  the  resultant  of  all  the  forces  AO^  BO^  CO, 
and  DO  (both  in  magnitude  and  direction),  acting  at  the  point  O.     If 
L'O  were  drawn  parallel  and  equal  to  O  L,  and  having  the  same  direc- 
tion,  it   would  represent  the  effect  produced  on  the  body   by    the 
combined  action  of  the  forces  AG,  BO,  CO,  and  DO, 

In  Fig.  632,  it  will  be  noticed  that  O  E,  E  F,  F  G,  G  L, 
and  L  O  are  sides  of  a  polygon  O  E  F  G  L^  in  which  O  Z, 
the  resultant,  is  the  closing  side,  and  that  its  direction  is 
opposed  to  that  of  all  the  other  sides.  This  fact  is  made 
use  of  in  what  is  called  the  metlicMl  of  tli«  polygon  of 


191 9.  To  find  the  resultant  of  several  forces  acting 
upon  a  body  at  the  same  point: 

Rule. —  Through  a  convcjiieiit  point  on  the  drawings  draw 
a  line  parallel  to  one  of  the  forces^  and  having  the  same  di- 
r  cation  and  magnitude.  At  the  end  of  this  line^  draw  anotlter 
line  parallel  to  a  second  force  ^  and  having  the  same  direction 
and  magnitude  as  this  second  force;  at  the  e?id  of  the  second 
line,  draw  a  line  parallel  and  equal  in  magnitude  and  direc- 
tion to  a  third  force.  Thus  continue  until  lines  have  been 
drawn  parallel  and  equal  in  magnitude  and  direction  to  all 
of  the  forces. 

The  straight  line  joining  the  free  ends  of  the  first  and  last 
lines  will  be  the  closing  sides  of  the  polygon  ;  mark  it  opposite 
in  direction  to  that  of  the  other  forces  around  the  polygon, 
and  it  will  be  the  resultant  of  all  the  forces. 

Example. — If  five  forces  act  upon  a  body  at  angles  of  60°,  120°,  180°, 
240%  and  270**,  towards  the  same  point,  and  their  respective  magnitudes 
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are  60.  40.  30,  25.  and  20  pounds,  find  the  magnitude  and  direction  of 
their  resultant  by  the  method  of  polygon  of  forces.* 

Solution. — From  a  common  point  O,  Fig.  633,  draw  the  lines  of 
action  of  the  forces,  making  the  given  angles  with  a  horizontal  line 
through  O^  and  mark  them  as  acting  towards  (9,  by  means  of  arrow- 
heads, as  shown.     Now,  choose  some  convenient  scale,  such  that  the 


Pio.  GS8. 

whole  figure  may  be  drawn  in  a  space  of  the  required  size  on  the  draw- 
ing. Choose  any  one  oi  the  forces,  as  A  O,  and  draw  O  7^ parallel  to  it, 
and  equal  in  length  to  30  pounds  on  the  scale.  It  must  also  act  in  the 
same  direction  as  A  O.  At  /%  draw  /'CJ  parallel  to  B  O,  and  equal  to 
40  pounds.  In  a  similar  manner,  draw  G //,  Iff,  and  /A' parallel  to 
CO,  DO,  and  EO,  and  equal  to  60,  20,  and  25  pounds,  respectively. 
Join  O  and  A' by  O  A",  and  O  A' will  be  the  resultant  of  the  combined 
action  of  the  five  forces;  its  direction  is  opposite  to  that  of  the  other 
forces  around  the  polygon  O  F  G  H I K,  and  its  magnitude  = 
55|  pounds.     Ans.  \ 

1920.     If  the  resultant   OK,  in    Fig.  033,  were  to  act 

alone  upon  the  body  in  the  direction  shown  by  the  arrow- 
head with  a  force  of  55J  pounds,  it  would  produce  exactly 
the  same  effect  upon  a  body  as  the  combined  action  of  the 
five  forces. 

\i  O  F,  F  6\  G  //,  If  /,  and  /  K  represent  the  distances 
and  directions  that  the  forces  would  move  the  body,  if  acting 


*  Note. — As  stated  in  Trigonometry,  all  angles  are  measured  from  a 
horizontal  line  in  a  direction  opposite  to  the  movement  of  the  hands  of 
a  watch  (from  around  the  circle  to  the  left),  from  V  or  less,  up  to  360'. 
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separately,  O  IC  is  the  direction  and  distance  of  movement 
of  the  body  when  all  the  forces  act  together. 

From  what  has  been  said  before,  it  is  seen  that  any  num- 
ber of  forces  acting  on  the  body  at  the  same  point,  or  having 
their  lines  of  action  pass  through  the  same  point,  can  be 
replaced  by  a  single  force  (resultant)  whose  line  of  action 
shall  pass  through  that  point. 

1921.  Heretofore  it  has  been  assumed  that  the  forces 
acted  upon  a  single  point  on  the  surface  of  the  body,  but  it 


Pig.  084. 


will  make  no  difference  where  they  act,  so  long  as  the  lines 
of  action  of  all  the  forces  intersect  at  a  single  point  either 
within  or  without  the  body,  only  so  that  the  resultant  can  be 
drawn  through  the  point  of  intersection.  If  two  forces  act 
upon  a  body  in  the  same  straight  line  and  in  the  same  direc- 
tion, their  resultant  is  the  sum  of  the  tico  forces  ;  but  if  they 
act  in  opposite  directions,  their  resultant  is  the  dijference  of 
the  two  forces^  and  its  direction  is  the  same  as  that  of  the 
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greater  force.     If  they  are  equal  and  opposite,  the  resultant 
is  zero^  or  one  force  just  balances  the  other. 

Example. — Find  the  resultant  of  the  forces  whose  lines  of  action  pass 
through  a  single  point,  as  shown  in  Fig.  6d4. 

Solution. — Take  any  convenient  point  g^  and  draw  a  line  gf, 
parallel  to  one  of  the  forces,  say  the  one  marked  40,  making  it  equal  in 
length  to  40  pounds  on  the  scale,  and  indicate  its  direction  by  the 
arrow-head.  Take  some  other  force — the  one  marked  87  will  be 
convenient;  the  liney"^  represents  this  force.  From  the  point  ^,  draw 
a  line  parallel  to  some  other  force,  say  the  one  marke4  29,  and  make 
it  equal  in  magnitude  and  direction  to  it.  So  continue  with  the  other 
forces,  taking  care  that  the  general  direction  around  the  polygon  is 
not  changed.  The  last  force  drawn  in  the  figure  is  a  b^  representing 
the  force  marked  25.  Join  the  points  a  and  g\  then,  ag\^  the  result- 
ant of  all  the  forces  shown  in  the  figure.  Its  direction  is  from  g  to  a, 
opposed  to  the  general  direction  of  the  others  around  the  polygon.  It 
does  not  matter  in  what  order  the  different  forces  are  taken,  the  result- 
ant will  be  the  same  in  magnitude  and  direction,  if  the  work  is  done 
correctly. 


THE  RESOLUTION  OF  FORCES. 

1922.  Since  two  forces  can  be  combined  to  form  a 
single  resultant  force,  we  may  also  treat  a  single  force  as  if 
it  was  the  resultant  of  two  forces,  whose  action  upon  a  body 
O  will  be  the  same  as  that  of 

a  single  force.  Thus,  in 
Fig.  635,  the  force  O  A  may 
be  resolved  into  two  forces, 
O  B  and  B  A,  whose  direc- 
tions are  opposed  to  O  A. 
If  the  force  O  A  acts  upon 
Fig.  635.  a  body,  moving  or  at   rest 

upon  a  horizontal  plane,  and  the  resolved  force  O  B  is  ver- 
tical, and  B  A  horizontal,  O  />,  measured  to  the  same  scale 
as  O  A,  is  the  magnitude  of  that  part  of  O  A  which  pushes 
the  body  downii'ards^  while  B  A  is  the  magnitude  of  that 
part  of  the  fore  e  O  A  which  is  exerted  in  pushing  the  body 
in  a  Jiorizontal  direction.  O  B  and  B  A  are  called  the 
components  of  the  force  O  A,  and  when  these  components 
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are  vertical  and  horizontal,  as  in  the  present  case,  they  are 
called  the  vertical  component  and  the  horizontal  component 
of  the  force  O  A. 

1923.     It  frequently  happens  that  the  position,  magni- 
tude, and  direction  of  a  certain  force  is  known,  and  that  it 
is  desired  to  know  the  effect  of  the  force  in  some  direction 
other  than  that  in  which  it  acts.     Thus,  in  Fig.  635,  suppose 
that  O  A  represents,  to  some  scale,  the  magnitude,  direction, 
and  line  of  action  of  a  force  acting  upon  a  body  at  A^  and 
that  it  is  desired  to  know  what  effect  O  A  produces  in  the 
direction  B  A.     Now,  B  A^  instead  of  being  horizontal,  as  in 
the  cut,  may  have  any  direction.     To  find  the  value  of  the 
component   oi   O  A    which   acts   in  the  direction   BA,  we 
employ  the  following  rule: 

Rule. — From  one  extremity  of  the  line  representing  the 
given  force y  draw  a  line  parallel  to  the  direction  in  which  it  is 
desired  that  the  component  s /tall act ;  from  the  other  extremity 
of  the  given  force,  draw  a  line  perpendicular  to  the  component 
first  drawn,  and  intersecting  it.  The  length  of  the  com- 
ponent,  measured  from  the  point  of  intersection  to  the  inter- 
section of  the  component  with  the  given  force,  will  be  the  mag- 
nitude of  the  effect  produced  by  the  given  force  in  the  required 
direction. 

Thus,  suppose  O  A,  Fig.  635,  represents  a  force  acting 
upon  a  body  resting  upon  a  horizontal  plane,  and  it  is 
desired  to  know  what  vertical  pressure  O  A  produces  on  the 
body.  Here  the  desired  direction  is  vertical ;  hence,  from 
one  extremity,  as  O,  draw  O  B  parallel  to  the  desired 
direction  (vertical  in  this  case), and, from  the  other  extremity, 
draw  A  B  perpendicular  to  O  B,  and  intersecting  O  B  2X  B. 
Then  OB,  when  measured  to  the  same  scale  3.s  O  A,  will  be 
the  value  of  the  vertical  pressure  produced  by  O  A. 

Example.— If  a  body  weighing  200  pounds  rests  upon  an  inclined 
plane  whose  angle  of  inclination  to  the  horizontal  is  18",  what  force 
does  it  exert  perpendicular  to  the  plane,  and  what  force  does  it  exert 
parallel  to  the  plane,  tending  to  slide  downwards  ? 

Solution. — Let  A  B  C^  Fig.  636,  be  the  plane,  the  angle  A  being 
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ociiail  lo  1*'  *ad  kt  if*  >•  zht  wti^i.  I>niw  a  vertical  line  FD^ 
*(•>  pcmadi,  to  reyerracr.!  ine  Tsagnirade  of  the  weight-  Through  /; 
dxaw  /^JE^  piT*7''^  ts>  A  B,  and  ihroiiigii  />  draw  /'  ZT  perpendicular  to 

E  K  the  two  lines  intersecting  at  E. 
/"  Z>  is  DOW  rcsolred  into  two  com- 
pcomts,  o3t,  F  F  tending  to  pull  the 
weight  downwards,  and  the  other,  FD, 
acting  as  a  perpendicular  pressure  on  the 
plane. 

Since  FD  is  perpendicular  to  ^^  C  and 
FD  is  perpendicular  to  A  B,  the  angle 
/>  =  angle  A  =  1>{". 

Hence,    FF  =  300  x  sin   18'  =  300  X 
.aCSO*   =   ei.SW    pounds,     and   F  D  ^ 
900  X  cos  1S=  =  3*10  X  .S«51<>5  =  19i).2l2  pounds. 

Force  parallel  to  the  plane  =  61.?^04  ptounds. 

Force  perpendicula:  to  the  plane  =  190.213  ptounds. 


FKL 
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Ans. 


1 92^.  Example. — In  Fig.  ^JT,  a  body  /f  *  is  shown  resting  on  an 
inclined  plane  A  B,  whose  dimensions  are  marked  on  the  cut;  the 
weight  P  acts  to  pull  the  IxKiy  up  the  plane  by  means  of  the  rope  rand 
pulley  /.  It  is  required  to  find  what 
the  weight  of  P  must  be  in  order  to 
start  W  up  the  plane.  Supf>ose  W 
weij(hs  120  pounds,  and  that  friction 
is  neglected.  It  is  also  re- 
quired to  find  the  perp>en- 
dicular  pressure  which  W 
exerts  against  the  plane. 


^ 


Solution.— Through  the  point 
a,  the  center  of  gravity  of  \Vy 
draw  a  h  vertical,  and  make  it  of 
such  a  length  as  to  represent  120 
jKmnds  to  a  convenient  scale,  say 
00  pounds  =  1  inch.  Drawing  ac 
and  c  b,  respectively,  parallel  and 
perpendicular  to  the  plane,  f?r  rep- 
resents the  magnitude  of  the  force 


Fig.  037. 
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Tifa'«i-m,'^  m?-  iiris^  'P'iiiii.  jj.x^x*  i  *■'  '«>  3r  imlin^ 
If  ^2t  r;cit  ^  ffCTt  pKnJjf^  ^.-  _«t  J^.  £i  ^  iPjixii£ 
.-if  7 .  he:,  smis  -  'im^:£i>  ir  sutptt  -mrirzi.  "Z^at  T^McntL. 
P  win  nee  be  t^^sL.  r:  x--.     T:  fmf  -r-iit:  tie  ir^!a|::ic  *c  i"  3tisc  ^»c. 

tioQ,  or  froci  x  •?•  x  ^"Tsrira:  :c  frrnt  i:  i :  .-  X rv.  tr«t:  x  x  .k<>  ^so«i^ 
it  were  a.  cfWKf»tm^m:  cc  lie  3a:^«  Arrii^  zr  i2»  rrcv^ :  i.  *. .  crs.'A'x  y  T*ec- 

is  that  if  Ji  went  ^n.-wz.  pisrriciifnraiiir  t  :  x  y,  ii  c^-cji  ^  r^csoccni  irtJ* 
oompooents,.  oat  c€  -yri-^  -wz^t  ^  iiLrxlJil  - :  x  xT.  jl  r^esc:^  wiiki:  m* 
wish  to  ATc-id ;  in  c-cber  wctSsl  it*  Tin':  x"/  rtfrr^eoijcr'itr  I.^  ^se  plUse. 
The  line  ^r  /■,  meascrvd  li?  ii»e  s&^e  iciji-  as  x  /,  w-ill  |::tT«"  tb*  vi!'je  v-sf 
/*.  Measorin^  it,  its  jersgii.  is  -?*  i=>:i:  bfocs.  .^  =  .'^  X  4I>  =  3514 
pounds^     Ai3s. 

To  determine  tbe  peTjWrafSirr'itr  rneasrr^  xg:iLi2s?  ibe  pixae,  it  will  be 
noticed  that  *i  h  eqca^  tbe  pressure  due  t  .>  griviiT.  Sci>ce  .-  /  jL^d  ^  f 
arc  both  perpendicular  to  A  S,  tbej  are  j^iriljel.  aad  ssiice  xV  *cts  in 
the  opposite  directioQ  to  *:  /,  the  acni^  pnetsKire  against  the  plane  is 
given  by  the  dinereace  between  */  ar>d  x'r.  Makir.j  */"  equal  u>  ^^  a 
f  b  represents  the  perpendicniar  presKire  against  the  p!ane  when  the 
force  P\=  a/\  acts  as  shown.  Tbe  length  of  /  .*  is  1.^  inches;  hence^ 
the  perpendicular  pressure  is  1.39  X  ^^  =  ^vv4  pound<^     Ans. 

Since  ca  and  ad  are  parallel  and  equal,  and  ."  •'  and  jfV  are  al:jsi» 
parallel  and  eqoal,  it  fellows  that  a  /  and  a  f  must  also  be  parallel  and 
eqnaL  Conseqaently,  the  force  P  might  have  been  tv»und  by  drawing 
af  parallel  to  the  direction  in  which  the  pull  on  the  rope  acts,  and  // 
perpendicular  to  the  plane  A  /*.  Thus,  suppose  that  the  weight 
occupies  the  position  shown  by  the  dotted  lines.  Then,  drawing  «i  ^<- 
parallel  to  a'  tr\  a  g  represents  the  weight  of  A  and  ^<'  h  represents 
the  perpendicular  pressure  of  the  body  Jl'ag^ainst  the  plane.  Measur* 
ing  a  g^  its  length  is  .79  inch;  hence,  /^  =  .79  X  ^^  =  4T.4  jxninds. 
Measuring  g  b,  its  length  is  1.65  inches;  hence,  the  perpendicular  pres- 
sure =  1.65  X  60  =  99  pounds. 

1925.  The  results  obtained  by  the  graphic  metluHi  can 
be  obtained  by  trigonometry  when  the  inclination  of  the 
plane  and  the  angle  the  rope  makes  with  the  plane  for  .any 
position  of  the  weight  If',  are  given. 

Thus,  ac=zab  xs\nabc  =  VlOX\%=^^(S>  1538  pounds. 

Assuming  the  weight  w  to  be  in  sucli  a  position  that  the 
rope  r  makes  an  angle  of  30°  12'  with  the  inclined  plane,  and 
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since  in  the  triangle  ade  the  side  /z// equals  the  side  cam 
the  triangle  adc,  we  have 

ad  46.1538       .^  ,  ^         a 

ar  = >=-————-  =  o3. 4  pounds.     Ans. 


EXAUCPLBS  FOR  PRACXICB. 

1.  The  current  in  a  river  which  is  \  mile  wide  has  a  velocity  of  3f 
miles  an  hour,  id)  What  will  be  the  actual  distance  that  a  boat  will 
pass  over  in  crossing  the  river,  if  the  boat  is  rowed  at  the  rate  of 
5  miles  an  hcur  ?  {h  How  far  down  the  river  will  the  boat  have  been 
carried  when  it  reaches  the  other  side  ?  (c)  What  time  will  the  boat 
require  to  cross  the  river  ?  (   (<')  i  mi* 

Ans.  <   {b)  f  mi. 
(    (r)  6  min. 

2.  What  force  acting  parallel  to  a  plane  whose  inclination  is  30*  will 
be  required  to  support  a  trip  of  cars  whose  total  weight  is  25  tons  ? 

Ans.  1^  tons. 

3.  If  a  driver  takes  a  side-hitch  on  a  trip  of  cars  standing  on  the 
turnout,  with  a  mule  that  pulls  with  a  force  of  say  400  pounds  in  a 
direction  making  an  angle  of  45°  with  the  track,  what  force  will  tend 
to  move  the  trip  along  the  track  ?  Ans.  282. Go  lb. 

4.  Referring  to  Fig.  637,  what  would  the  angle  ead  become,  if 
P  =  65.271  pounds  ?  Ans.  45\ 

5.  *  The  two  ends  of  a  rope  7  feet  long  are  attached  to  the  under  side 
of  a  beam  at  points  5  feet  apart;  if  a  weight  of  one  hundred  pounds  is 
firmly  attached  to  the  rope  at  a  point  4  feet  from  one  end,  what  will  be 
the  tension  in  each  segment  of  the  rop)e  ? 

.         (  60  lb.  tension  in  long  segment. 
(  80  lb.  tension  in  short  segment. 

6.  What  weight  can  be  supported  on  a  plane  by  a  horizontal  force 
of  1,521  pounds,  if  the  ratio  of  the  height  to  the  base  is  f  ? 

Ans.  2,028  lb. 

7.  What  force  is  required  (neglecting  friction)  to  roll  a  barrel  of  oil 
weighing  300  pounds  into  a  wagon  3  feet  high  by  means  of  a  plank  14 
feet  long  resting  against  the  wagon  ?  Ans.  64|  lb. 


*  Hint. — To  work  this  example  by  graphics,  represent  the  weight  by 
a  vertical  line  drawn  to  scale;  from  one  end  of  the  line  draw  an 
indefinite  line  parallel  to  one  of  the  segments  of  the  rope,  and  from  the 
other  end  of  the  line  draw  another  indufinile  line  parallel  to  the  other 
segment  of  the  rope.  These  lines  will  intersect,  and  the  distances  from 
the  point  of  intersection  to  the  extremities  of  the  vertical  line  will 
represent  the  tensions  in  the  segments  of  the  rope. 
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STRENGTH  OF   MATERIALS. 


STRESSBS  AND  STRAINS. 

1926.  When  a  force  is  applied  to  a  body,  it  changes 
either  its  form  or  volume.  A  force,  when  considered  with 
reference  to  the  internal  changes  it  tends  to  produce  in  any 
solid,  is  called  a  stress. 

Thus,  if  a  weight  of  2  tons  be  held  in  suspension  by  a 
rod,  the  stress  in  the  rod  will  be  2  tons.  This  stress  is 
accompanied  by  a  lengthening  of  the  rod,  which  increases 
until  the  internal  stress  or  resistance  is  in  equilibrium  with 
the  external  weight. 

Stresses  may  be  classified  as  follows: 

Tensile,  or  pulling  stress. 

Compressive,  or  pushing  stress. 

Transverse,  or  bending  stress. 

Shearing,  or  cutting  stress. 

Torsional,  or  twisting  stress. 

1 927.  A  unit  stress  is  the  amount  of  stress  on  a  unit 
of  area,  and  may  be  expressed  either  in  pounds  per  square 
inch  or  in  tons  per  square  foot ;  or  it  is  the  load  per  square 
inch  or  square  foot  on  any  body. 

Thus,  if  10  tons  are  suspended  by  a  wrought-iron  bar 
which  has  an  area  of  5  square  inches,  the  unit  stress  is 
2  tons  per  square  inch,  because  ^-  =  2  tons. 

1928.  Strain  is  the  deformation  or  change  of  shape 
of  a  body  resulting  from  stress. 

For  example,  if  a  rod  100  feet  long  is  pulled  in  the  direc- 
tion of  its  length,  and  if  it  is  lengthened  1  foot,  it  has  a 
strain  of  -j-J^  of  its  length,  or  1  per  cent. 

1929«  Elasticity  is  the  power  which  bodies  have  of 
returning  to  their  original  form  after  the  external  force  on 
the  body  is  withdrawn,  providing  the  stress  has  not  exceeded 
the  elastic  limit. 

Consequently,    we    see    from   this    that    all    material  is 
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lengthened  or  shortened  when  subjected  to  either  tensile  or 
compressive  stress,  and  the  change  of  the  length  is  directly 
proportional  to  the  stress  within  the  elastic  limit. 

For  stresses  within  the  elastic  limits,  materials  are  per- 
fectly elastic,  and  return  to  their  original  length  on  removal 
of  the  stresses ;  but  when  their  elastic  limits  are  exceeded, 
the  changes  of  their  lengths  are  no  longer  regular,  and  a 
permanent  »et  takes  place ;  the  destruction  of  the  material 
has  then  begun. 

1930.  The  measure  of  elasticity^  of  any  material  is 
the  change  of  length  under  stress  within  the  elastic  limit. 

1931*  The  elastic  limit  is  that  unit  stress  under 
which  the  permanent  set  becomes  visible. 

The  elasticity  of  wrought  iron  and  that  of  steel  are  practical- 
ly equal;  that  is,  each  material  will  change  an  equal  amount 
of  length  under  the  same  stress  within  the  elastic  limits. 

The  elastic  limit  of  steel  is  higher  than  that  of  wrought 
iron;  consequently,  the  former  will  lengthen  or  shorten 
more  than  the  latter  before  its  elasticity  is  injured. 


TENSII.E    STRENGTH   OF   MATERIALS. 

1932.  The  tensile  strength  of  any  material  is  the  re- 
sistance offered  by  its  fibers  to  being  pulled  apart. 

The  tensile  strength  of  any  material  is  proportional  to 
the  area  of  its  cross-section. 

Consequently,  when  it  is  required  to  find  the  safe  tensile 
strength  of  any  material,  we  have  only  to  find  the  area  at 
the  minimum  cross-section  of  the  body,  and  multiply  it  by 
its  strength  per  square  inch,  as  given  in  Table  32  under  the 
heading  *' Working  Stress." 

Note. — The  minimum  cross-section  referred  to  in  the  above  j>ara- 
graph  is  that  section  of  the  material  which  is  pierced  with  holes;  such 
as  bolt  or  rivet  holes  in  iron,  or  knots  in  wood,  if  there  are  any. 

1933.  In  Table  32  are  given  the  average  breaking  and 
the  working  tensile  stress  of  some  materials. 

The    table    shows    that    the    tensile    breaking   strength 
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of  cast  iron  is  16,000  pounds  per  square  inch  of  cross-section, 
and  that  the  working  strength  is  from  1,500  to  3,500  pounds 
per  square  inch  of  cross-section. 

TABLE  32. 


Materials. 

Breaking  Stress 

in  Pounds  per 

Square  Inch. 

Working  Stress 

in  Pounds  per 

Square  Inch. 

Timber 

10,000 
16,000 
50,000 
70,000 

600  to     l,2<x» 

Cast  Iron 

1,500  to    3,5<X» 
5,000  to  12,000 
6,000  to  13,000 

Wroucrht  Iron 

Steel 

In  machinery,  such  as  steam-engines,  where  the  parts 
are  subjected  to  shocks,  or  are  alternately  compressed  and 
extended,  it  is  not  safe  to  strain  cast  iron  with  more  than 
1,500  pounds  per  square  inch  of  section,  wrought  iron  with 
more  than  5,000  pounds  per  square  inch  of  section,  or  steel 
with  more  than  6,000  pounds  per  square  inch  of  section. 

But  in  structures  in  which  the  strains  are  constantly  in 
one  direction,  as  is  the  case  with  steam-boilers,  wrought 
iron  may  be  strained  with  from  6,000  to  8,000  pounds  per 
square  inch  of  section,  or  steel  with  from  8,000  to  10,000 
pounds  per  square  inch  of  section. 

Consequently,  strict  attention  must  be  given  as  to  what 
working  stress  must  be  allowed  for  the  materials  of  different 
structures. 

Note. — For  structures  on  which  the  load  is  applied  suddenly,  use 
the  smaller  working  stresses  given  in  the  table,  and  for  those  on  which 
the  load  is  applied  gradually,  use  the  larger  working  stresses. 


RULBS  AND  FORMULAS  FOR  TENSILB  STKBNGTH. 

1934.     In  the  following  formulas. 

Let  IV  =  safe  load  in  pounds ; 

A  =  area  of  minimum  cross-section ; 
5  =  working  stress  in  pounds   per  square  inch,  as 
given  in  Table  32. 
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Rule. — The  load  in  pounds  on  any  bar  subjected  to  a  ten- 
sile  strain  is  equal  to  the  minimum  sectional  area  of  the  bar^ 
multiplied  by  the  working  stress  in  pounds  per  square  inch^ 
as  giz'cn  in  Table  32. 

That  is,  ]V=AS.  (118.) 

Example. — A  bar  of  good  wrought  iron  which  is  3  inches  square  is 
to  be  subjected  to  a  steady  tensile  stress ;  what  is  the  maximum  load 
that  it  should  carrv  ? 

Solution. — From  what  has  been  said  above  in  regard  to  the 
materials  and  to  the  nature  of  the  load,  it  will  be  safe  in  this  case  to 
use  a  working  stress  of  12,000  pounds  per  square  inch. 

Applying  formula  118,  we  have 

Jf'  =  8  X  8  X  12.000  =  108,000  pounds.     Ans. 

1 935.  Rule. —  The  minimum  sectional  area  of  any  bar 
subjected  to  a  tinsile  stress  is  equal  to  the  load  in  pounds^ 
divided  by  the  ^corking  stress  in  pounds  per  square  inch^  as 
given  in   Table  82. 

That  is,  ^=-X'  (11S-) 

Example. — What  should  be  the  area  of  a  wrought-iron  bar  to  carry 
a  steady  load  of  6^,000  pounds,  if  it  is  to  resist  a  tensile  stress  of  12,000 
pounds  per  square  inch  ? 

Solution. — Applying  formula  119, 

-      66,000       ^  ^        .         . 
A  =  j2"()oo  =  ^'^  ^-  ^^'    ^'^ 

1936.  Rule. —  The  icor king  stress  in  pounds  per  sqtiare 
inch  is  equal  to  the  load  in  pounds  divided  by  the  minimum 
sectional  area  of  the  bar, 

W 
That  is,  ^^~J'  (120.) 

Example. — A  bar  of  wrought  iron  3  inches  square,  subjected  to 
tensile  stress,  carries  a  load  of  8(5,400  pounds;  what  is  the  stress  per 
scjuare  inch  ? 

Solution. — Applyinjj^  formula  120, 

S  =  Q  '    Q  =  9,600  lb.  per  sq.  in.     Ana. 
o  X  " 
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STRENGTH  OP  CHAUfft. 

1937.  Chains  made  of  the  same  size  iron  vary  in 
strength,  owing  to  the  different  kinds  of  links  from  which 
they  are  made. 

It  is  a  good  practice  to  anneal  old  chains  which  have  be- 
come brittle  by  overstraining.  This  renders  them  less  lia- 
ble to  snap  from  sudden  jerks.  It  reduces  their  tensile 
strength,  but  increases  their  toughness  and  ductility,  which 
are  sometimes  more  important  qualities. 

1938*     In  the  following  formulas, 

Let  IV  =  safe  load  in  pounds  sustained  by  chain ; 

£>  =  diameter  in  inches  of  the  iron  from  which  the 
links  are  made. 

Rule. — TAe  safe  load  in  pounds  of  a  stud-link  wrought -iron 
chain  is  equal  to  18,000^  multiplied  by  the  square  of  the  diam- 
eter of  the  iron  from  which  the  links  are  made. 

That  is,  Ii^=  18,000 />•.  (121.) 

Example. — What  is  the  maximum  load  that  should  be  carried  by  a 
stud-link  wrought-iron  chain,  if  its  links  are  made  from  f-inch  rounc 
iron  ? 

Solution. — Applying  formula  121,  we  have 

W  =  18.000  X  i  X  i  =  10,125  pounds.     Ans. 

1939.  Rule. —  The  safe  load  in  pounds  of  a  close-link 
wrought-iron  chain  is  equal  to  12/XXJ  multiplied  by  the  square 
of  the  diameter  of  the  iron  from  which  the  links  are  made. 

That  is,  ^F=  12,000  D".  (122.) 

Example. — What  is  the  maximum  load  that  should  be  carried  by  a 
close-link  wrought-iron  chain,  if  its  links  are  made  from  f-inch  round 
iron? 

Solution. — ^Applying  formula  122,  we  have 

^=12,000  X  f  X  f  =  6,750  pounds.     Ans. 


STRENGTH    OF    HEMP  ROPES. 

1 940«  The  strength  of  hemp  ropes  does  not  depend  so 
much  upon  the  quality  of  the  material  and  the  cross-section 
of  the  rope  as  upon  the  method  of  manufacture  and  the 
amount  of  twisting. 
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The  ropes  in  common  use  are  three-strand  shroud-laid  rope, 
and  hawser  or  cable4aid  rope. 

The  strongest  ropes  are  three-strand  shroud-laid  made 
without  tar.  Ropes  made  with  tar  are  less  flexible,  and  are 
reduced  in  strength  about  25  per  cent.,  but  have  better 
wearing  qualities. 

1941.  In  the  following  formulas. 

Let  IV  =  maximum  working  load  in  pounds; 
C  =  circumference  of  rope  in  inches. 

Rule. —  T/ie  fptaxtmum  working  load  in  pounds  that  should 
be  allowed  on  any  hemp  rope  is  equal  to  the  square  of  the 
circumference  of  the  rope  multiplied  by  100, 

That  is,  W  =  100  C*.  (1 23.) 

Example. — What  is  the  maximum  load  in  pounds  that  should  be 
carried  by  a  hemp  rope  which  has  a  circumference  of  8  inches  ? 

Solution. — Substituting  the  value  of  C  in  formula  123, 

W^  =  100  X  8»  =  6,400  lb.     Ans. 

1942.  Rule. — The  circumference  of  any  hemp  rope  is 
equal  to  the  square  root  of  the  maximum  working  load  in 
pounds  which  it  is  capable  of  carrying^  multiplied  by  .  1, 

That  is,  C  =  .  1  \/^V.  (124.) 

Example. — A  maximum  working  load  of  1,000  pounds  is  to  be 
carried  by  a  hemp  rope ;  what  should  be  the  circumference  of  the  rope  ? 

Solution. — Applying  formula  124, 


C=.\  i/1,000  =  3.16  inches.     Ans. 

When  measuring  ropes,  the  circumference  is  sought  in- 
stead of  the  diameter,  because  the  ropes  are  not  round  and 
the  circumference  is  not  3.141(3  times  the  diameter.  For 
three  strands,  the  circumference  is  about  2.86  d\  for  seven 
strands,  3  d, 

STRENGTH  OF    \%^IRB  ROPBS. 

1943.  Wire  rope  is  made  of  iron  and  steel  wire.  It  is 
stronger  than  hemp  n)j)e,  and,  to  carry  the  same  load,  is  of 
smaller  diameter. 

In  substituting   steel   for   iron  rope,  the  object  in  view 
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should  be  to  gain  an  increase  of  wear  from  the  rope,  rather 
than  to  reduce  the  size. 

A  steel  rope  to  be  serviceable  should  be  of  the  best  obtain- 
able quality,  because  ropes  made  from  low  grades  of  steel 
are  inferior  to  good  irqn  ropes. 

1944.     In  the  following  formulas, 

Let  rF=  maximum  working  load  in  pounds; 
C  =  circumference  of  rope  in  inches. 

Rule. —  The  maximum  working  load  in  pounds  that  should 
be  allowed  on  any  wire  rope  is  equal  to  the  square  of  the 
circumference  of  the  rope  in  inches^  multiplied  by  600. 

That  is,  H^==  600  C\  (125.) 

Example. — ^What  is  the  maximum  load  in  pounds  that  should  be 
carried  by  an  iron  wire  rope  whose  circumference  is  4^  inches  ? 

Solution. — Applying  formula  125, 

•    Jf^=  600x4.5*  =  12,150  lb.    Ans. 

1945«  Rule. —  The  circumference  of  any  iron  wire  rope 
in  inches  is  equal  to  the  square  root  of  the  maximum  working 
load  in  pounds  multiplied  by  .OJfiS, 

That  is,  C  =  .0408  /FF.  (1 26.) 

Example. — A  maximum  working  load  of  12,150  pounds  is  to  be  car- 
ried by  an  iron  wire  rope ;  what  should  be  the  minimum  circumference 
of  the  rope  ? 

Solution. — Applying  formula  126, 


C  =  .0408  4/12450  =  4  J  inches.     Ans. 

1946«  Rule. — The  above  rules  and  formulas  are  also 
applicable  when  computing  the  safe  strength  of  steel  wire  rope 
by  substituting  the  constant  1,000  for  the  constant  600,  and 
.0316  for  ,0Jfi8, 

Example. — ^What  is  the  maximum  load  in  pounds  that  should  be 
carried  by  a  steel  wire  rope,  the  circumference  of  which  is  4^  inches  ? 

Solution. — Applying  formula  1 25  as  modified  by  the  rule, 

W^  1,000  X  4.5«  =  20,250  lb.     Ans. 
EzAMPLB. — ^A  maximum  working  load  of  10,485  pounds  is  to  b« 
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carried  by  a  steel  wire  rope ;  what  should  be  the  minimum  circumfer- 
ence of  the  rope  ? 

Solution. — Applying  formula  126  as  modified  by  the  rule, 


C  -  .0816 1/10,486  =  8.24  inches.    Ans. 


BXAMPL.BS  FOR  PRACTICE. 

1.  What  should  be  the  diameter  of  a  steel  piston-rod  of  a  steam- 
engine  to  resist  tension,  if  the  piston  is  19  inches  in  diameter  and  the 
pressure  is  85  pounds  per  sq.  in. ?  Ans.  2^  in.,  nearly. 

2.  What  safe  load  will  a  cast-iron  bar  of  rectangular  cross-section 
7^  inches  by  8^  inches  support  if  subjected  to  shocks  ?  The  bar  is  in 
tension.  Ans.  89,375  lb. 

8.  What  is  the  stress  per  square  inch  on  a  piece  of  timber  8  inches 
square,  which  is  subjected  to  a  steady  pull  of  60,000  pounds  ? 

Ans.  987.5  lb.  per  sq.  in. 

4.  What  should  be  the  safe  load  for  a  close-link  wrought-iron  chain 
whose  links  are  made  from  |-inch  iron  ?  Ans.  9,187.5  lb. 

5.  What  safe  load  may  a  hemp  rope  carry  Whose  circumference  is 
4  inches?  Ans.   1,6001b. 

6.  What  should  be  the  allowable  working  load  for  a  steel  wire  rope 
whose  circumference  is  3j  inches  ?  Ans.  14,062.5  lb. 

7.  What  should  be  the  circumference  of  an  iron  wire  rope  to 
support  a  load  of  20,000  pounds?  Ans.  6f  in.,  nearly. 


CRUSHING  STRENGTH   OF  MATERIAI.S. 

1947.  The  crushing  strength  of  any  material  is  the 
resistance  offered  by  its  fibers  to  being  pushed  together. 

If  a  bar  is  long  compared  with  its  cross  dimensions,  any 
sliglit  disturbance  from  uniformity  will  cause  it  to  bend  side- 
ways under  the  compressive  force,  and  we  have, then,  not  only 
compression,  but  compression  compounded  with  bending. 

To  obtain  only  compression,  the  length  of  a  rod  should 
not  be  more  than  five  limes  greater  than  its  least  diameter, 
or  its  least  thickness  when  it  is  a  rectangular  rod. 

li^xpcrimental  tests  on  ])illars  have  shown  that  their 
strengths  are  a])proximately  inversely  proportional  to  the 
squares  of  their  lengths.  That  is,  if  there  are  two  pillars 
of  the  same  material,   having  the  same  cross-section,   but 
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one  is  twice  as  long  as  the  other,  the  long  one  will  sustain 
only  about  one-quarter  the  load  of  the  short  one. 

1948.  Attention  should  be  given  to  the  ends  of  pillars, 
as  their  shape  has  great  influence  upon  their  strength.  In 
Fig.  G38  are  shown  three  pillars  -  -""/r^/zm 
with  different  shaped  ends. 

It  has  been  proved  by  the  aid  - 
of  higher  mathematics  that, 
theoretically,  a  pillar  having  flat 
or  fixed  ends,  as  shown  at  a,  is 
four  times  as  strong  as  one  that 
has  round  or  movable  ends,  as 
shown  at  c,  and  one  and  seven- 
ninths  times  as  strong  as  one 
having  one  flat  and  one  round 
end,  as  shown  at  b  \  b  \%  thus 
two     and    one-fourth    times    as  ^o-  ^^S. 

strong  as  c  It  has  also  been  found  that  if  three  pillars, 
a,  b,  c,  which  have  the  same  cross-section,  are  to  carry  the 
same  load  and  be  of  equal  strength,  their  lengths  must  be 
as  the  numbers  2,  1J-,  and  I,  respectively. 

In  practice,  however,  the  ends  of  the  pillars  b  and  c  are 
not  generally  made  as  shown  by  the  figure,  but  have  holes 
at  their  ends  into  which  pins  are  fitted  which  are  fastened  to 
some  other  piece;  as,  for  example,  a  connecting-rod  of  an 
engine.  In  such  cases,  it  has  been  found  that  a  is  two  times 
as  strong  as  c,  and  that  b  is  one  and  one-half  times  as  strong 
as  r.  That  is,  in  actual  practice,  a  column  fixed  as  at  c  is 
really  one-half  as  strong  as  one  fixed  as  at  a,  instead  of 
being  only  one-quarter  as  strong,  as  given  above. 

Green  or  wet  timber  has  only  one-half  the  strength  of  dry 
and  seasoned  timber;  consequently,  its  crushinji;  strength  is 
only  one-half  of  that  given  in  the  table  below. 

1949.  In  Table  SO  is  given  the  mt-an  crushing  strength 
of  some  short  specimens  of  materials  in  tons  (of  3,U0U 
pounds)  per  square  inch- 
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TABLE    33. 


Materials. 

Crushing  Strength 

in  Tons  per 

Square  Inch. 

Cast  Iron 

40 

Wroucrht  Iron 

18 

Mild  Steel 

26 

Cast  Cooper 

5 

Cast  Brass 

4.5 

Timber  (Dry) 

3.5 

Brick 

1 

Stone 

3 

STRENGTH  OF    PILLARS. 

1950.  The  following  formula  is  applicable  to  pillars 
which  are  commonly  used  in  practice,  the  lengths  of  which 
are  about  from  10  to  40  times  their  least  diameter,  or,  if 
rectangular,  their  least  thickness  as  indicated  by  d\ 

Let  ^=  crushing  strength  in  tons  per  square  inch  of 
a  short  specimen  of  the  material  as  given  in 
Table  33 ; 

S  =  sectional  area  in  square  inches; 

L  =  length  in  inches; 

d  =  least  thickness  of  rectangular  pillar,  or  diameter 
of  round  pillar  in  inches; 

jr=  breaking  load  in  tons; 

A  =  the  area  of  the  two  flanges; 

i>'  =  the  area  of  the  web ; 

a  =^  SL  constant  for  the  particular  form  of  cross-section 
and  material  of  which  the  pillar  is  made;  its 
value  is  given  in  Tables  34  to  36  for  such  cross- 
sections  as  are  given  in  the  first  column  of  those 
tables,  and  for  such  material  as  is  mentioned  at 
the  top  of  the  tables. 
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TABLE   34. 

WROVGHT-IRON    PII.E.ABe: 


Cross-section  of  Pillar. 


n  Square  or 
I    Rectangle. 


o 


Thin  Square 
Tube. 


Thin    Round 
Tube. 


Angle  with 
Equal  Sides. 


Cross  with 
Equal  Arms. 


When  Both 
Ends  of  the 
Pillar  are  Flat 


When  One  End 
of  the  Pillar  is 

Flat  or  Fired, 

and  the  Other 

Round  or 

Movable. 


*^:t+^ 


When  Both 

Ends  of  th^ 
Pillar  are 
Round  or 
Movable 


.-!+/; 


1961.  Rule. — The  breaking  load  of  a  pillar  in  tons  is 
equal  to  the  crushing  strength  of  a  short  specimen  of  the 
material  as  given  tn  Table  S3,  multiplied  by  the  sectional 
area  of  the  pillar  in  square  iticlies,  and  tite  product  divided  by 
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TABLE    35. 

CAST'IKON  PILLABS. 


Cros»«ection  of  Pillar. 


hfi 


4  Square  nr 
i   Rectangle. 


Thin  Square 
Tube. " 


Thin  Round 
Tube. 


Angle  with 
Equal  Sitles. 


Cross  with 
Equal  Arm! 


When  Both 

Ends  of  the 

Pillar  are  Flat 

or  Fixed. 


When  One  End 
of  Ihe  Pillar  is 
Flat  or  Fixed. 
and  the  Other 
Round  o; 
Movable. 


T+B 
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When  Botb 
Ends  of  ihe 
Pillar  arc 
Round  or 
Movable. 


-/H 


t/u'  nsult  oblaiiifii  by  liifiiitHg  the  stjuare  of  the  length  of  the 
pillar  in  inehes  by  the  square  of  the  diameter,  or  least  thiek- 
tiess  if  rectangular,  multiplied  by  the  value  of  a,  plus  1. 
CS 


That  is, 


ir= 


L' 


+  1 


(127.) 
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TABLE  36. 

VrOODBM  PILLARS. 


When  Both 

Flat  or  Fined. 

Cross-section  of  Pillar. 

or  Filed. 

Round 

Movable. 

\^ 

M^     Round. 

187.6 

125.00 

93.75 

M]   rfi  Square 

^     ^    or  Rect- 

250.0 

1G6.C6 

135.00 

m     ^?    ^ng\e. 

^   ^^  Hollow 

rfl       Square 
f«|       M^de  of 

600.0 

333.33 

350.00 

^Jl      Boards. 

T/ir  result  obtained  by  the  formula  must  be  divided  I 
to  get  the  si/e  working  load. 


Example. — A  wooden  pillar  6  inches  square  and  144  inches  lung  is 
fixed  at  both  ends;  what  load  will  it  sustain  with  safety  ? 
Solution. — Using  formula  127,  we  have 


144x144 
250X«X6 


+  1 
38.14 


8.14  tons,  nearly 


^  load  i 


Which,  divided   by  6,  gives  - 
capable  of  sustaining  with  safety.     Ans. 

ExAXPLE,— A  wrought-iron  pillar  4  inches  in  diameter  and  (10  inches 
long  is  fixed  at  one  end  and  movable  at  the  other;  what  load  will  it 
sustain  with  safety  7 

Solution.— Using  formula  127, 


W= 


.7854 


60X80 


196,0! 
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196  69 
Which,  divided  by  6,  gives  — ^ —  =  32.78  tons,  nearly,  or  the  load 

it  is  capable  of  sustaining  with  safety.     Ans. 

Example. — A  cast-iron  pillar  is  20  feet  long  and  its  cross-section  is 
a  cross  with  equal  arms  which  are  1  inch  thick  and  10  inches  long. 
(See  dimension  d^  Table  85.)  The  two  ends  of  the  pillar  are  movable. 
What  load  will  the  column  safely  sustain  ? 

Solution. — Area  of  cross-section  is  equal  to  (10  X  1)  +  2(4.6  X  1)  = 
19  square  inches;  20  feet  are  equal  to  240  inches. 
Now,  applying  formula  127, 

^=-240^^"  =106.88  tons. 

93.75x10x10"*" 

106  Stf) 
Which,  divided  by  6,  gives  ^ — ^ —  =17.73  tons,  the  load  it  is  capable 

of  sustaining  with  safety.     Ans. 

When  using  formula  127,  first  obtain  the  value  of 
C  from  Table  33.  Next,  calculate  the  area  of  the  cross- 
section  of  the  pillar.  Then,  find  the  value  of  a  from  one  of 
the  tables.  Finally,  be  sure  that  the  length  of  the  pillar 
has  been  reduced  to  inches  before  substituting  in  the 
formula. 

EXAMPLES  FOR  PRACTICB. 

1.  What  load  may  be  safely  carried  by  a  hollow  cylindrical  cast- 
iron  pillar  20  ft.  long,  inside  diameter  8',  and  outside  diameter  10'  ? 
Both  ends  of  the  pillar  are  fixed.  Ans.  93.13  tons. 

2.  A  rectangular  wooden  column  is  14  ft.  long,  and  has  one  end 
rounded;  if  the  cross-section  is  12'  X  8',  what  load  will  be  required  to 
break  it?  Ans.  92.15  tons. 

8.  A  solid  wrought-iron  column,  which  has  both  ends  movable,  is 
8'  in  diameter  and  8  ft.  long;  what  load  will  it  safely  support  ? 

Ans.  11.1  tons. 

TRANSVERSE  STRENGTH  OF  MATERIALS. 

1952.  The  transverse  strength  of  any  material  is  the 
resistance  offered  by  its  fibers  to  being  broken  by  bending. 
As,  for  example,  when  a  beam,  bar,  rod,  etc.,  which  is  sup- 
ported at  its  ends,  is  broken  by  a  force  applied  between  its 
supports. 


k 
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The  transverse  strength  of  any  beam,  bar,  rod,  etc.,  is 
proportional  to  the  product  of  the  square  of  its  depth  multi- 
plied by  its  width;  consequently,  it  ts  more  economical  to 

e  the  depth  than  the  width. 

TABLE  37. 

CONSTANTS  FOR  TRANSVERSE  STRENGTH. 


Materials. 

Safe  Trans- 
Strength  in 
Pounds. 

Materials. 

Safe  Trane- 

verse 

Strength  in 

Ponndi 

Metals. 

100 
150 
160 
50 
55 

Woods. 
Birch 

35 

Wrought  Iron.... 

Is 

Ash 

45 

Maple 

60 

Oak  (American).. 

Pine  (Pitch) 

Pine  (White).... 

45 

40 
.30 

1853.  A  cantilever  is  a  beam,  bar,  rod,  etc.,  fixed  at 
one  end  and  subjected  to  a  transverse  stress,  as  shown  in 
Fig.  G39.  It  has-  a 
tendency  to  overthrow 
the  wall  or  structure 
to  which  it  is  attached. 

The  strength  of  a 
cantilever  varies  in- 
versely as  the  distance 
of  the  load  from  the 
section  acted  upon; 
and    the  stress    upon 

any   section    varies  via.  ex. 

directly  as  the  distance  of  the  load  from  that  section 
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The  strength  of  a  beam,  bar,  rod,  etc.,  which  has  both 
its  ends  supported,  but  not  fixed,  and  which  is  loaded  in  the 
middle  between  its  supports,  is  four  times  greater  than 
when  it  is  fixed  at  one  end  only. 

A  cantilever  uniformly  loaded  will  sustain  twice  as  great 
a  load  as  one  on  which  the  load  is  applied  at  one  end;  and  a 
beam  resting  on  two  supports  uniformly  loaded  will  sustain 
twice  as  great  a  load  as  one  on  which  the  load  is  applied  in 
the  middle,  between  its  supports. 

In  Table  37  is  given  the  safe  transverse  strength  of  bars 
of  different  kinds  of  material,  1  inch  square  and  1  foot  long, 
with  the  load  suspended  from  one  end. 


RULB8  AND  FORMULAS  FOR  THE  TRAN8VBR8B 

STRENGTH  OF  BEAMS. 

1954.     In  the  following  formulas. 

Let  d  =  the  depth  of  beam  in  inches; 

d^  =  diameter  of  cylindrical  beam  in  inches; 

w  =  the  width  of  the  beam  in  inches; 

L  =  the    length    of   the    beam    in    feet    between    its 

supports ; 
S  =  the    safe    transverse   strength  as   given    in  the 

above  table; 
IV  =  the  safe  load  in  pounds. 

For  a  rectangular  or  square  cantilever  to  which  the  load 
is  applied  at  one  end,  as  shown  in  Fig.  639: 

Rule. —  To  find  the  viaximuvi  safe  load  in  pounds  that 
should  be  allowed  at  the  end  of  any  rectangular  or  square 
cantilever^  multiply  the  square  of  the  depth  in  inches  by  the 
width  in  inches  and  by  the  safe  transverse  strength  of 
the  material  as  given  in  Table  37;  divide  this  product  by 
the  length  in  feet. 

That  is,  IF=  '~^-.  (128.) 

Example. — What  is  the  maximum  safe  load  that  can  be  placed  at 
one  end  of  a  cast-iron  bar  which  projects  4  feet,  the  depth  being 
6  inches  and  the  width  3  inches  ? 
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SOLUTIOM — ^Applying  formula  IZS.wehiiTe 

»'  =  !il>tl2ti29  =  2,,OOpo„„d,.     A,». 

1955.     For  a  cylindrical  cantilever  to  which  the  load  is 
applied  at  one  end,  as 
shown  in  Fig.  640: 

Rule.— 7>  find  the 
maximum  safe  load  in 
pounds  that  should  be 
allo^'ed  at  the  end  of 
any  cylindrical  canti- 
lever, multiply  the  cube 
of  its  diameter  in 
inches  by  .S  of  the  safe 
transverse  strength  of  pro.  mo. 

///(■  material  as  given  in  Table  37,  and  divide  the  product  by 
the  length  in  feet. 

That  is,  W=^'^/^^.  (129.) 


EXAMPLB.— What  i: 
safety  at  one  end  of  a 


3  feet? 


the  maiimntn  load  that  can   be   placed   with 
aat-iron  bar  4  inches  in  diameter  that  projects 


—Applying  formula  129, 
,_4x4x4x.exl00 


1956.     When  the  load   is 


pounds  and  1, 


1,380  pounds.    Ana. 

uniformly  distributed  on  a 
cantilever  of  any  cross- 
section,  as  shown  in  Fig, 
641,  it  will  sustain  a  load 
twice  as  great  as  when 
the  load  is  applied  at  one 
end.  For  e.tample,  if  the 
cantilevers  in  the  two  ex- 
amples above  were  to 
carry  a  uniformly  dis- 
tributed load,  they  would 
sustain  3. 700  yi  —  5,400 
560  pounds,  respectively. 
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1 957.     For  a  rectangular  or  square  beam  the  ends  of 
which  merely  rest  u|>on  supi>orts,  and  loaded  in  the  middle, 

as  shown  in  Fig.  642: 

Rule. —  To  find  tfie 
fnaximum  safe  load 
in  pounds  tliat  any 
rectangular  or  square 
beam  is  capable  ofsus- 
laining  at  the  middle 
ivhcn  its  ends  merely 
rest  upon  supports^ 
multiply  fo7ir  times  the  square  of  its  depth  in  inches^  by  its 
zuidth  in  inches,  and  by  the  safe  strength  of  the  material  as 
given  in  Table  37  ;  divide  this  product  by  the  distafice  between 

its  supports  in  feet  ; 

4  d^  7C'  S 

*  -^  (130.) 


Pig.  042. 


or 


iy= 


L 


Example. — What  maximum  safe  load  is  a  bar  of  cast  iron  capable  of 
sustaining  in  the  middle  between  its  supports  on  which  its  ends  merely 
rest,  if  its  depth  is  6  inches,  its  width  3  inches,  and  the  distance 
between  the  supports  is  4  feet  ? 

Solution. — Applying  formula  130, 


/F  = 


4  X  6*  X  3  X  100 


=  10,800  lb.     Ans. 


1958.     For  a  cylindrical  beam  supported  at  its  ends  and 

loaded  in  the  middle, 
as  shown  in  Fig.  043: 

Rule. —  To  find  the 
inaximuDJ  safe  load 
in  pounds  that  any 
cylindrical  beam  is 
capable  of  sustaining  | 
at  the  middle  ivhcn  its  Pio.  648. 

ends  merely  rest  upon  supports,  multiply  four  times  the  cube 
if  its  diameter  by  .6  of  the  safe  strength  of  the  material  as 
given  in  Table  37  ;  divide  this  product  by  the  distance  between 
its  supports  in  feet  ; 

^^^.^4.//x  .05  (131.) 


or 


L 


k 
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Example. — What  maximum  safe  load  is  a  bar  of  cast  iron  capable 
of  sustaining  in  the  middle  between  its  supports,  on  which  its  ends 
merely  rest,  if  it  is  4  inches  in  diameter,  and  if  the  distance  between 
its  supports  is  3  feet  ? 

Solution. — Applying  formula  131, 

4X4»X.6X100 


IV  = 


=  6,120  lb.     Ans. 


m^m^m^0^m^0^0 


1959.  When  the  load  is  uniformly  distributed  on  a 
beam  of  any  cross-section,  as  shown  in  Fig.  644,  it  will  sus- 
tain a  load  twice  as 


great  as  when  the 
load  is  applied  in  the 
middle  between  the 
supports. 

For  example,  if  the 


7iiR-«rr 


Pig.  644. 


beams  in  the  last  two  examples  were  to  carry  a  uniformly 
distributed  load,  they  would  sustain  10,800  X  2  =  21,600 
pounds,  and  5,120  X  2  =  10,240  pounds,  respectively. 


SHEARING     OR    CUTTING    STRENGTH    OF 

MATERIALS. 

1960.  The  shearing  strength  of   any  material  is   the 

resistance  offered  by  its  fibers 
to  being  cut  in  two. 

Thus  the  pressure  of  the 
cutting  edges  of  an  ordinary 
shearing  machine,  Fig.  645, 
causes  a  shearing  stress  in  the 
plane  a  b.  The  unit  shear- 
ing force  may  be  found  by 
dividing  the  force  P  by  the 

FIO.  045.  * '  ' 

area  of  the  plane  a  b. ' 

1961.  Fig.  646 
shows  a  piece  in 
double  shear;  here 
the  central  piece  c  d  fio-  "«• 
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15  forced   out  while  the  ends  remain  on  their  supports  M 
and  X. 

The  shearing  strength  of  any  body  is  directly  proportional 
to  its  area. 

1 962.  In  Table  38  are  given  the  greatest  and  the  safe 
shearing  strengrths  per  square  inch  of  different  kinds  of 
materials : 

TABLE    38. 


Materials. 


in 


Greatest  Shearing    .  o  r    cu     -^       c* 

.     ^        ,     **      Safe  Sheannfi:  Stress  i_ 
Mress  in  Pounds  per  ^        .  o  t     v 

_     ^    *^    Pounds  per  Square  Inch. 
Square  Inch. 


Cast  Iron.  . . . 
Wrought  Iron. 
Steel  


18,000 
40,000 
00,000 


1,500  to  3,000 
4,000  to  10,000 
5,000  to  12,000 


1903.     In  the  following  formula. 

Let    a  =  area  of  cross-section  in  inches; 

5  =  safe  shearing  stress,  as  given  in  Table  38; 
W  ^^  safe  load  in  pounds. 

Rule. —  TJic  safe  load  that  any  body  which  is  subjected  to 
a  shearina^  stress  is  eapable  of  sustaining  is  equal  to  the  area 
of  its  cross-section  in  inches,  multiplied  by  its  safe  shearing 
stress,  as  given  in  Table  3S, 

That  is,  U'^aS.  (132.) 

Example. — If  the  beam  in  Fig.  640  is  made  of  wrought  iron  4  inches 
in  depth  and  2  inches  in  width,  what  steady  shearing  stress  is  it 
capable  of  sustaining  with  safety  ? 

Solution-.— Applying  formula  132,  //'-  4  X  2  X  10,000  =  80,000  lb. 
This  result  must  be  multiplied  by  2,  since  the  beam  is  sheared  in  two 
places,  along  the  lines  re  and  /"^Z.  Hence,  the  stress  which  the  beam 
will  safely  sustain  is  80,000  x  2  -  100,000  lb.     Ans. 

Example. — What  force  is  required  to  punch  a  hole  \'  in  diameter 
through  a  steel  plate  Y  thick  ? 

Solution. — It  is  evident  that  punching  is  but  shearing  in  a  circle 
instead  of  a  straight  line.     The  area  i)unched  (sheared)  is  equal  to  the 
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thickness  of  the  plate  multiplied  by  the  circumference  of  a  circle 
having  the  same  diameter  as  the  punched  hole.  For,  if  the  plate  were 
cut  through  one  of  the  diameters  of  the  punched  hole  and  the  two 
semicircles  were  straightened  out,  the  punched  surface  would  be  a 
rectangle,  which  would  have  a  length  equal  to  the  circumference  of  a 
circle  whose  diameter  was  equal  to  that  of  the  hole,  and  a  breadth 
equal  to  the  thickness  of  the  plate.  In  this  case,  the  area  =  |  X 
3.1416  X  i  =.d8175  sq.  in.  Table  383  gives  the  ultimate  shearing  strength 
of  steel  as  60,000  lb.  per  sq.  in.  Hence,  the  total  force  required  is 
.  98175  X  ©0,000  =  58,905  lb.     Ans. 


BXAMPLBS  FOR  PRACTICE. 

1.  What  is  the  greatest  load  that  can  be  safely  carried  by  a  steel 
rectangfiilar  cantilever  at  its  extreme  end,  if  the  bar  is  2'  wide,  3'  deep, 
and  2  ft.  6'  long  ?  Ans.  1,152  lb. 

2.  What  is  the  greatest  uniform  load  that  can  be  safely  carried  by 
a  white  pine  girder  6'  wide,  8'  deep,  16  ft.  long,  and  supported  at  its 
ends?  Ans.  5,7601b. 

3.  A  cast-iron  bar  If  in  diameter  and  5  ft.  3'  long  is  supported  at 
its  ends ;  what  load  will  it  safely  sustain  in  the  middle  ?       Ans.  245  lb. 

4.  What  force  is  required  to  punch  a  1^'  hole  through  a  wrought- 
iron  plate  ^'  thick  ?  Ans.  68,723  lb. 

5.  What  force  is  required  to  cut  oflf  the  end  of  a  cast-iron  bar 
whose  diameter  is  2^'  ?  Ans.  88,357  lb. 

LINE    SHAFTING. 

1964*  A  line  of  shafting  is  one  continuous  run,  or 
length,  composed  of  lengths  of  shafts  joined  together  by 
couplings. 

The  main  line  of  shafting  is  that  which  receives  the 
power  from  the  engine  or  motor,  and  distributes  it  to  the 
other  lines  of  shafting,  or  to  the  various  machines  to  be 
driven. 

Line  shafting  is  supported  by  hangers,  which  are  brackets 
provided  with  bearings  bolted  either  to  the  walls,  posts, 
ceilings,  or  floors  of  the  building.  Short  lengths  of  shaft- 
ing called  counterstiafts  are  provided  to  effect  changes 
of  speed,  and  to  enable  the  machinery  to  be  stopped  or 
started. 

Shafting  is  usually  made  cylindrically  true,  either  by  a 
special  rolling  process  known  as  cold-rolled  stiaftins:,  or 
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else  it  is  turned  up  in  a  machine  called  a  lathe.  In  the  lat- 
ter case,  it  is  called  brisrlit  shaftins.  What  is  known  as 
black  Bhaftlns  is  simply  bar  iron  rolled  by  the  ordinary 
process,  and  turned  where  it  receives  the  couplings,  pulleys, 
bearings,  etc. 

Bright-turned  shafting  varies  in  diameter  by  ^  of  an  inch 
to  about  3^  inches  in  diameter;  above  this  diameter  the 
shafting  varies  by  ^  inch.  The  actual  diameter  of  a 
bright  shaft  is  -^  of  an  inch  less  than  the  actual  commer- 
cial diameter,  it  being  designated  from  the  diameter  of  the 
ordinary  round  bar-iron  from  which  it  is  turned.  Thus,  a 
length  of  what  is  called  3-inch  bright  shafting  is  only  2|| 
inches  in  diameter. 

Cold-rolled  shafting  is  designated  by  its  actual  commer- 
cial diameter;  thus,  a  length  of  what  is  called  3-inch  shaft- 
ing is  3  inches  in  diameter. 

1905«  In  Table  39  is  given  the  maximum  distance  be- 
tween the  bearings  of  some  continuous  shafts  which  are 
used  for  the  transmission  of  power. 


TABLE    39. 

Distance  Between 

Bearings  in  Feet. 

Diameter  of  Shaft  in 

Inches. 

Wrought-Iron 
Shaft. 

Steel  Shaft 

2 

11 

11.5 

3 

13 

13.75 

4 

15 

15.75 

5 

17 

18.25 

6 

19 

20.00 

7 

21 

22.25 

8 

23 

24.00 

9 

25 

26.00 

The  necessary  diameters  of  the  various  lengths  of  shafts 
composing  a  line  of  shafting  should  be  proportional  to  the 
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quantity  of  power  delivered  by  each  respective  length.  In 
this  connection,  the  positions  of  the  various  pulleys  depend 
upon  the  distance  between  the  pulley  and  the  bearing  and 
upon  the  amount  of  power  given  off  by  the  pulleys.  Sup- 
pose, for  example,  that  a  piece  of  shafting  delivers  a  certain 
amount  of  power;  then,  it  is  obvious  that  the  shaft  will 
deflect  or  bend  less  if  the  pulley  transmitting  that  power  be 
placed  close  to  a  hanger  or  bearing  than  if  it  be  placed  mid- 
way between  the  two  hangers  or  bearings. 

Note. — It  is  impossible  to  give  any  rule  for  the  proper  distance  of 
bearings  which  could  be  used  universally,  as  in  some  cases  the  require- 
ments demand  that  the  bearings  be  nearer  together  than  in  others. 

1966.  To  compute  the  horsepower  that  can  be  trans- 
mitted by  a  shaft  of  any  given  diameter: 

Let  D  =  diameter  of  shaft; 

R  =  revolutions  per  minute; 

//=  horsepower  transmitted; 

C  =  constant  taken  from  the  following  table : 

TABLE    40. 

CONSTANTS  FOR  LINB  SHAFTING. 


Material  of  Shaft. 


No  Pulleys  Be- 
tween Bearings. 


Steel  or  Cold-Rolled  Iron  . . 

Wrought  Iron 

Cast  Iron 


Pulleys  Between 
Bearings. 


65 
70 
90 


85 

95 

120 


Rule. — The  Jwrsepower  that  a  shaft  will  transmit  is  equal 
to  the  product  of  the  cube  of  the  diameter  and  the  number  of 
revolutions^  divided  by  the  value  of  C  for  the  given  material. 

That  is,  H^  ^^,  (133.) 


C 


Example. — What  horsepower  will  a  3-inch  wrought-iron  shaft  trans- 
mit, which  makes  100  revolutions  per  minute,  and  has  pulleys  between 
bearings  ? 

Solution. — Applying  formula  133,  we  have 

3X3X3X100 


H  = 


95 


=  28.42  horsepower.     An^ 
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1967.  To  compute  the  number  of  revolutions  a  shaft 
must  make  to  transmit  a  given  horsepower: 

Rule. — The  number  of  revolutions  necessary  for  a  given 
horsepower  is  equal  to  the  prodtict  of  the  value  of  the  constant 
C  for  the  given  material  and  the  number  of  horsepower^ 
divided  by  the  cube  of  the  diameter, 

CM 
That  is,  ^  =  ^-  (134.) 

Example. — How  many  revolutions  mtist  a  2-inch  steel  shaft  make 
per  minute  to  transmit  16  horsepower  ?  There  are  no  pulleys  between 
bearings. 

Solution. — Applying  formula  1 34, we  have  o  ^o  ^  o  =  1^  revo- 

lutions.     Ans. . 

1968.  To  compute  the  diameter  of  a  shaft  that  will 
transmit  a  given  horsepower,  the  number  of  revolutions  the 
shaft  makes  per  minute  being  given: 

Rule. —  The  diameter  of  a  shaft  equals  the  cube  root  of  the 
quotient  obtained  by  dividing  the  product  of  the  value  of  the 
constajit  C  for  the  given  material  and  the  number  of  horse- 
power  by  the  tiumber  of  revolutions. 


fTH 


That  is,  D=\  ^.  ( 1 35.) 

Example. — What  must  be  the  diameter  of  a  cast-iron  shaft  to  trans- 
mit 22.5  horsepower?  The  shaft  makes  100  revolutions  per  minute, 
and  there  are  pulleys  between  bearings. 

Solution. — Applying  formula  135,  we  have 

D^\/~^^^^Z\n.    Ans. 

1969.  As  the  speed  of  shafting  is  used  as  a  multiplier 
in  the  calculations  of  the  horsepower  of  shafts,  a  shaft 
having  a  given  diameter  will  transmit  more  power  in  pro- 
portion as  its  speed  is  increased.  Thus,  a  shaft  which  is 
capable  of  transmitting  10  horsepower  when  making  100 
revolutions  per  minute  will  transmit  20  horsepower  when 
making  200  revolutions  per  minute.     We  may,  therefore, 
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say   the  Jiorsepawers  transmitted  by  two  shafts  are  directlj 
proportional  to  the  number  of  revolutions. 


EXAMPLBS  FOR  PRACTICE. 

1.  What  horsepower  will  a  1\'  wrought-iron  shaft  transmit  when 
running  at  110  revolutions  per  minute,  it  being  used  for  transmissi<»n 
only  ?  Ans.  24.55  horsepower. 

2.  A  6'  cast-iron  shaft  transmits  150  horsepower;  how  many  revo- 
lutions per  minute  must  it  make,  there  being  no  pulleys  between 
bearings  ?  Ans.  62.5  R-  P.  M. 

3.  What  should  be  the  diameter  of  a  wrought-iron  shaft  to  trans- 
mit 100  horsepower  at  150  revolutions  per  minute,  there  being  pulleys 
between  bearings  ?  Ans.  6.82  in. 

4.  A  certain  line  shaft  is  to  transmit  to  a  number  of  machines  by 
means  of  pulleys  between  its  bearings  65  horsepower  when  running  at 
150  revolutions  per  minute;  what  should  be  its  diameter ? 

Ans.  3^  in.,  nearly 
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HEAT. 


NATURE  OF  HEAT. 

1970.  Heat  is  a  form  of  energy.  It  is  the  effect  of  a 
motion  of  the  molecules  composing  matter.  It  has  been 
stated  in  Mechanics  that  all  matter  is  composed  of  mole- 
cules; now,  these  molecules  are  not  in  a  state  of  rest,  but 
are  moving  or  vibrating  back  and  forth  with  a  greater  or 
less  velocity,  and  it  is  this  movement  of  the  molecules  that 
causes  the  sensations  of  warmth  or  cold.  If  the  motion  is 
slow,  the  body  appears  cold  to  the  toiich;  when  the  vibra- 
tions are  rapid,  the  body  becomes  warm  or  hot. 

1 97 1  •  It  was  shown  in  Mechanics  that  a  body  in  motion 
has  kinetic  energy,  the  amount  of  which  is  measured  in  foot- 
pounds by  multiplying  the  weight  of  the  body  by  the  square 
of  its  velocity  and  dividing  by  64.32.  Since  the  molecules 
composing  matter  are  in  motion,  they  must  possess  kinetic 
energy,  and  we  are  justified,  therefore,  in  saying  that  heat 
is  a  form  of  energy. 

1 972.  Temperature  is  a  term  used  to  indicate  how  hot 
or  cold  a  body  is;  i.  e.,  to  indicate  the  rate  of  vibration  of 
the  molecules  of  a  body.  A  hot  body  has  a  high  tempera- 
ture ;  a  cold  body,  a  low  temperature.  When  a  body,  as,  for 
example,  an  iron  bar,  receives  heat  from  any  source,  its 
temperature  rises;  on  the  other  hand,  when  a  body  loses 
heat,  its  temperature  falls. 

1973.  The  temperature  is  not  a  measure  of  the  quantity 

of  heat  a  body  possesses.      Temperature  may  be  considered 

to  be  a  measure  of  the  velocity  of  the  molecules  of  a  body 

as  they  vibrate  to  and  fro,  while  the  quantity  of  heat  may 

§18 
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be  considered  to  be  the  kinetic  energy  of  the  molecules  com- 
posing the  body.  A  small  iron  rod  may  be  heated  to  white- 
ness and  yet  possess  a  very  small  quantity  of  heat.  Its 
temperature  is  very  high,  which  simply  indicates  that  the 
molecules  of  the  rod  are  vil  rating  with  an  extremely  high 
velocity. 

1974.  Temperature  is  measured  by  an  instrument 
called  the  thermometer,-  which  is  so  familiar  as  to  scarcely 
need  description.  It  consists  of  a  thin  glass  tube,  at  one 
end  of  which  is  a  bulb  filled  with  mercury.  Upon  being 
heated,  the  mercury  expands  in  proportion  to  its  tempera- 
ture. Thermometers  are  graduated  in  different  ways.  In 
the  Fahrenheit  thermometer,  which  is  generally  used  in  this 
country,  the  point  where  the  mercury  stands  when  the  in- 
strument is  placed  in  melting  ice  is  marked  32°.  The  point 
indicated  by  the  mercury  when  the  thermometer  is  placed 
In  water  boiling  in  open  air  at  the  level  of  the  sea  is  marked 
212°.  The  tube  between  these  two  points  is  divided  into 
180  equal  parts  called  degrees. 

t975.     Effecti*  of  Heat. — Suppose  we   take  a   vessel 

filled  with  some  substance,  say  water.  Let  the  vessel  be  a 
cylinder  fitted  with  a  piston,  as  shown  in 
Fig.  1147.  The  water  is,  say,  at  the  freezing- 
point,  and  llie  millions  of  molecules  compo- 
sing the  water  are  moving  to  and  fro  with  a 
comparatively  small  velocity.  Suppose  the 
vessel  \.i  pla>:ed  in  a  fire  or  furnace.  Heat  is 
commiinicaUd  to  the  molecules  of  water, 
and  tliL-y  begin  to  niove  faster  and  faster. 
That  is,  their  kinetic  energy  increases,  and 
if  a  therinometer  were  inserted  In  the  vessel 
it  would  be  found  that  the  temperature  of 
the  water  rises.  Consequently,  oneeffectof 
heat  is  t<)  raise  llie  temperature  of  the  body 
to  wliich  it  is  applied.  But,  after  reaching 
a  certain  tem|jeraliire,  tlie  molecules  of  the 
,  j^  water  not  only  move  faster,  but  they  move 
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farther  from  each  other,  and  their  paths  are  longer.  It  is 
plain  that  if  the  molecules  are  farther  apart  than  they  were 
originally,  the  whole  body  of  them  must  take  up  more  space. 
In  other  words,  after  reaching  a  certain  temperature,  the 
water  expands  as  heat  is  added.  Hence,  another  effect  of 
heat  is  to  expand  bodies  to  which  it  is  applied.  Common 
examples  of  the  expansion  of  bodies  by  heat  are  seen  in  the 
setting  of  tires,  the  expansion  of  the  rails  of  a  railway  in 
summer,  etc. 

197G.  The  heat  supplied  to  the  vessel  of  water  has  so 
far  done  three  things:  (1)  Raised  the  temperature  of  the 
water,  and  thus  increased  the  kinetic  energy  of  the  mole- 
cules. Let  the  amount  of  heat  expended  for  this  purpose 
be  denoted  by  S,  (2)  A  certain  quantity  of  heat  has  been 
used  in  expanding  the  water;  that  is,  in  pushing  its  mole- 
cules farther  apart  against  the  force  of  cohesion.  Denote 
the  amount  of  heat  so  expended  by  /.  (3)  Since  the  water 
expands,  it  must  raise  the  piston  P  against  the  pressure  of 
the  atmosphere,  and,  consequently,  more  heat  must  be  used 
to  expand  the  water  than  would  be  required  if  there  were 
no  pressure  on  the  upper  side  of  the  piston.  Call  this  extra 
quantity  of  heat  IV. 

If  we  denote  by  Q  the  total  heat  given  up  to  the  vessel  of 

water,  we  have 

Q  =  S  +  /+  JV. 

Ordinarily,  the  greater  part  of  the  heat  given  to  a  body 
is  s|>ent  in  raising  its  temperature,  and  but  little  is  used  in 
expanding  the  body.  That  is,  the  quantity  5  is  nearly  equal 
to  the  quantity  Qy  while  the  quantities  /  and  IV  are  nearly 
nothing. 

197T.  Suppose  that  the  piston  is  removed  from  the 
cylinder  of  Fig.  647,  and  a  thermometer  is  inserted.  As 
the  vessel  becomes  more  and  more  heated,  the  temperature 
indicated  by  the  thermometer  will  rise  until  it  reaches  212^. 
So  far  most  of  the  heat  has  been  used  to  raise  the  tempera- 
ture of  the  water.  But  now,  no  matter  how  much  heat  is 
added  to  the  water,  the  thermometer  stands  at  212°,  and 
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can  not  be  made  to  rise  higher.  This  is  the  reason:  When 
the  temperature  reaches  212**,  the  molecules  of  water  have 
been  set  into  such  rapid  motion  that  the  force  of  cohesion 
is  no  longer  able  to  hold  them,  and  they  tend  to  separate. 
In  other  words,  the  water  is  changing  to  a  gas  (steam),  and 
all  of  the  heat  is  being  used  to  effect  this  change.  The 
temperature  of  the  steam  will  remain  at  212°  until  all  the 
water  is  changed  to  steam ;  then,  if  more  heat  is  applied, 
the  temperature  of  the  steam  will  begin  to  rise. 

Suppose  we  take  a  block  of  ice  at  a  temperature  of  say 
14°,  and  heat  it.  If  a  thermometer  is  placed  in  contact  with 
the  ice,  its  temperature  will  rise  until  it  reaches  32°,  and 
will  then  remain  stationary.  As  soon  as  this  temperature 
is  reached,  the  ice  begins  to  melt  or  change  to  water,  and 
the  heat,  instead  of  raising  the  temperature  farther,  is  all 
used  to  effect  this  change  of  state.  Here,  then,  is  another 
effect  produced  by  heat.  It  will  change  a  solid  to  a  liquid, 
or  a  liquid  to  a  gas. 

1978.  Latent  Heat. — The  heat  which  is  expended  in 

changing  a  body  from  'the  solid  to  the  liquid  state,  or  from 
the  liquid  to  the  gaseous  state,  is  called  latent  heat.  The 
portion  of  the  heat  applied  which  raises  temperature,  and 
which,  therefore,  affects  the  thermometer,  is  sometimes 
called  sensible  lieat. 

1979.  Measurement  of  Heat. — Since  heat  is  not  a 
substance,  it  can  not  be  measured  directly  in  p>ounds  or 
quarts;  but,  like  force,  it  may  be  measured  by  the  effects  it 
produces.  Suppose  a  certain  quantity  of  heat  raises  the 
temperature  of  a  pound  of  water  from  52°  to  53°,  it  will 
take  the  same  quantity  of  heat  to  raise  the  temperature  of  a 
pound  from  53°  to  54°,  and  it  will  take  double  the  quantity 
to  raise  the  temperature  of  the  poimd  of  water  from  52° 
to  54°  that  it  took  to  raise  the  temperature  from  52°  to 
53°.  The  unit  quantity  of  heat  is  the  quantity  required 
to  raise  the  temperature  of  a  pound  of  water  from  62°  to 
03°.  This  unit  is  called  the  Uritlsli  tliermal  unit,  or 
B.  T.  U. 
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1980.  Relation  Between  Heat  and  Work. — Sup< 
pose  that,  in  the  experiment  shown  in  Fig.  647,  the  piston 
had  been  allowed  to  remain  in  the  cylinder  while  the  water 
was  being  changed  to  steam.  Steam  at  212°  occupies 
nearly  1,700  times  the  space  that  the  water  originally  occu- 
pied. Hence,  the  piston  would  be  lifted  in  the  cylinder  to 
give  room  for  the  steam  which  was  being  formed.  But 
to  raise  the  piston  requires  work.  Here,  then,  is  an  example 
of  work  being  performed  by  heat.  On  the  other  hand,  work 
will  produce  heat.  If  two  blocks  of  wood  are  rubbed  briskly 
together,  they  will  become  warm,  and  may  even  ignite. 
The  work  of  friction  causes  the  journals  and  bearings  of  fast- 
running  machines  to  heat.  A  small  iron  rod  may  be  heated 
to  redness  by  pounding  it  on  an  anvil. 

1981.  Since  work  may  be  changed  into  heat,  and  heat 
into  work,  it  seems  probable  that  there  is  some  fixed  ratio 
between  the  unit  of  heat  (B.  T.  U.)  and  the  unit  of  work, 
the  foot-pound.  By  a  careful  series  of  experiments.  Dr. 
Joule,  of  England,  discovered  this  ratio.  He  found  that 
one  B.  T.  U.  is  equal  to  772  foot-pounds ;  later  and  more 
careful  experiments  show  that  778  foot-pounds  is  more 
nearly  correct.  This  number,  778  foot-pounds,  is  called  the 
meclianlGal  equivalent  of  one  B.  T.  U. 

We  have,  then,  the  following  important  law :  Heat  may 
be  changed  to  worky  or  work  to  heat ;  ll 8  foot -pounds  of  work 
are  required  to  produce  1  B,  T,  f/.,  and^  conversely^  the  ex- 
penditure  ofl  B.  T.  U.  produces  778  foot-pounds  of  work. 

Example  1. — The  burning  of  a  pound  of  coal  gives  out  sufficient 
heat  to  raise  14,000  pounds  of  water  from  62"  to  03°.  If  all  this  heat  is 
wholly  utilized,  how  high  will  it  lift  a  weight  of  700  pounds  ? 

Solution. — Since  1  B.  T.  U.  raises  a  pound  of  water  from  62°  to  63% 
it  requires  14,000  B.  T.  U.  to  raise  14,000  lb.  of  water  from  62^  to  63\ 
Hence,  the  burning  of  the  pound  of  coal  gives  out  14,000  B.  T.  U. 
One  B.  T.  U.  is  equivalent  to  778  foot-pounds;  hence,  14,000  B.  T.  U. 
are  equivalent  to  14,000  X  778  =  10,892,000  foot-pounds.  Then,  the 
height  to  which  the  weight  can  be  raised  is  10,892,000  -^  700  =  15,560 
feet.     Ans. 

ExAXPLB  2. — A  cannon-ball    weighing   60  pounds  moves  with  a 
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velocity  of  1.300  ft.  i>er  sec.  Suppose  the  ball  were  suddenly  stopped 
and  its  kinetic  energy  changed  into  lieat.  How  many  B.  T.  U.  would 
be  developed  ?  If  all  this  heat  were  applied  to  100  pounds  of  water 
at  a  temperature  of  60  ,  to  what  temperature  would  the  water  be 
raised  ? 

Solution. — By  formula  113,  Mechanics^  Part  1,  the  kinetic  energy 
of  the  cannon-ball  is  -s7-.»»r  =  — in-nii —  =  1.5 < 6.492  foot-pounds.     But 

778  foot-pounds  =  1  B.  T.  U.  Therefore,  the  number  of  B.  T.  U. 
develc)i)ed  is  1,576.492  -*-  778  =  2.026.3  B.  T.  U.  Since  1  B.  T.  U.  raises 
the  temperature  of  a  pound  of  water  1  degree,  it  will  take  100  B.  T.  U. 
to  raise  100  jwunds  of  water  1  degree.  Hence.  2.026.3  B.  T.  U.  will 
raise  100  pounds  of  water  2,026.3  -f- 100  =  20.263^  and  the  final  temper- 
ature of  the  water  will  be  60'  -t-  20.263'  =  80.268%     Ans. 

1982.  specific  Heat.— One  B.  T.  U.  raises  thfe  tem- 
perature of  one  pound  of  water  one  degree;  will  it  have  the 
same  effect  on  a  pound  of  mercury  ?  Heat  two  one-pound 
iron  balls  to  the  temperature  of  boiling  water,  212° ;  having 
now  the  same  weights  and  temperatures,  each  ball  has  the 
same  quantity  of  heat.  Place  one  of  these  balls  in  a  vessel, 
into  which  pour  slowly  enough  water  at  a  temperature  of  60° 
that  the  iron  will  be  cooled  to  70°  while  the  water  is  heated 
to  the  same  temperature.  Now,  place  the  other  hot  ball  in 
another  vessel,  into  which  pour  mercury  at  a  temperature 
of  G0°  until  the  iron  and  mercury  reach  a  common  tempera- 
ture of  70°.  In  each  case  the  hot  ball  was  cooled  from 
212°  to  70°;  each,  therefore,  gave  up  the  same  quantity 
of  heat.  When,  however,  wc  consider  its  effects,  we  find 
that  it  raised  less  than  \  p(^und  of  water  through  a  range 
of  lu'',  while  14 A-  pounds  of  mercury,  nearly  30  times  as 
much,  was  raised  through  the  same  range.  It  is  plain, 
therefore,  that  to  raise  a  pound  of  mercury  from  02°  to  G3° 
recjuires  -j^p  the  heat  necessary  to  raise  a  pound  of  water 
from  02°  to  o:^.  Hence,  we  say  the  specific  heat  of  the 
mercury  is  ^V,  or  .0333. 

The  Hpecific  lieat  of  a  body  is  the  ratio  between  the  quan- 
tity of  heat  required  to  ivariti  that  body  one  degree  and  the 
quantity  of  heat  required  to  iK.'arni  an  equal  weight  of  water 
one  degree. 
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Example  1. — It  is  found  that  to  raise  the  temperature  of  20  pounds 
of  iron  from  62"  to  63"  requires  3.276  B.  T.  U.  What  is  the  specific 
heat  of  iron  ? 

Solution. — To  raise  20  pounds  of  water  from  62"  to  63"  requires  20 
B.  T.  U.  The  specific  heat  of  the  iron  is,  according  to  the  above 
definition,  the  ratio  between  the  quantities  of  heat  required  to  warm 
the  iron  and  the  water,  respectively,  through  1  degree ;  that  is,  it  is 
the  ratio  2.276  :  20  =  2.276  -f-  20  =  .  1138.     Ans. 

Example  2. — The  specific  heat  of  silver  is  .057.  How  many  B.  T.  U. 
are  required  to  raise  22  pounds  of  silver  from  50'  to  60°  ? 

Solution. — To  raise  the  temperature  of  a  pound  of  water  1 
degfree  requires  1  B.  T.  U.  Since  the  specific  heat  of  silver  is  .057, 
only  .057  B.  T.  U.  is  required  to  raise  1  pound  of  silver  1  degree. 
Hence,  to  raise  22  pounds  of  silver  10  degrees  must  require  .057  X  22  X 
10  =  12.54  B.  T.  U.     Ans. 

1983.  Rule. —  To  find  the  number  of  B,  T,  U,  required 
to  raise  the  temperature  of  a  body  a  given  number  of  degrees^ 
multiply  the  specific  heat  of  the  body  by  its  iveight  in  pounds 
and  by  the  number  of  degrees. 

Denote  the  number  of  B.  T.  U.  required  by  U ;  the  spe- 
cific heat  by  c\  the  weight  by  TK,  and  let  /  and/,  be  the  tem- 
peratures before  and  after  the  heat  is  applied,  respectively. 

Then,  U^  c  W  (/,  -  /).  (13B.) 

The  specific  heats  of  some  of  the  more  common  substances 
are  given  in  the  following  table: 

TABLE  41. 


Substance. 


Water. . . 
Sulphur 
Iron. . . . 
Copper  . 
Silver. . . 

Tin 

Mercury 
Lead  . . . 


Sp.  Heat. 


1.0000 
.202G 
.1138 
.0951 
.0570 
.0502 
.0333 
.0314 


Substance. 


Ice 

Steam  (superheated). 

Air 

Oxygen  

Hydrogen 


Nitrogen 

Carbon  monoxide.. .  . 
Carbon  dioxide 


Sp.  Heat. 


.5040 
.4805 
.2375 
.2175 
3.4090 
.2438 
.2479 
.2170 
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1984.  Lratent  Heat  of  Fusion. — This  term  is  applied 
to  the  quantity  of  heat  required  to  change  a  pound  of  a 
given  substance  from  the  solid  to  the  liquid  state.  The 
only  case  of  interest  to  the  engineer  is  the  heat  required  to 
change  a  pound  of  ice  to  water.  Careful  experiments  show 
that  about  144  B.  T.  U.  are  required  to  change  a  pound  of 
ice  at  32°  to  water  at  32°.  Hence,  the  latent  heat  of  water 
is  144  B.  T.  U. 

1985*  The  latent  lieat  of  steam  is  the  quantity  of 
heat  required  to  change  a  pound  of  water  at  212°  into  steam 
at  212°.  Experiment  shows  that  this  quantity  of  heat  is 
about  OOG  B.  T.  U.  This  shows  that  the  heat  required  to 
change  a  pound  of  water  at  212°  to  steam  is  90G  times  as 
great  as  the  quantity  required  to  raise  the  temperature  of 
a  pound  of  water  from  G2°  to  G3°.  The  latent  heat  of  steam 
is  different  for  different  temperatures. 

Example. — How  many  B.  T.  U.  are  required  to  change  5  p>ounds  of 
ice  at  15'  into  steam  at  212**  ? 

Solution. — The  heat  units  required  to  raise  the  tem|>erature  of  the 
ice  from  15  to  32"  (the  melting  temperature)  is,  according  to  for- 
mula 136, 

6^=z  c'  JF(/,-/)  =  .504  X  5  X  0^2  -  15)  =  42.84  B.  T.  U. 

To  change  the  ice  to  water  requires  144  B.  T.  U.  for  each  pound,  or 
144  X  5  -  7-20  B.  T.  U.  To  raise  the  water  from  32**  to  212''  requires, 
according  to  formula  136, 

c  /F(/,  _  /)  =  1  X  5  X  (212  -  32)  =  5  X  180  =  900  B.  T.  U. 

Finally,  to  change  the  water  to  steam  requires  966  B.  T.  U.  per 
pound,  or  966  X  5  =  4,830  B.  T.  U.  Therefore,  in  all,  42.84  +  720  + 
900  +  4,830  =  6,492.84  B.  T.  U.  are  required.     Ans. 

Expressed  in  foot-pounds,  the  work  required  to  effect  the 
above  change  would  be  G,402.84  X  778  =  5,051,420.5  foot- 
pounds, or  work  enough  to  lift  a  weight  of  1,000  pounds 
nearly  a  mile. 

1986.  Since  a  pound  of  ice  requires  14-4  B.  T.  U.  to 
change  it  to  water,  it  follows  that  when  a  pound  of  water 
at  32°  changes  to  ice  (freezes),  141:  !>.  T.  U.  are  given  out  in 
the   process      Similarly,    the   condensation   of  a  pound  of 
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steam  into  water  at  212°  liberates  9G6  B.  T.  U.  This  prin- 
ciple is  applied  in  heating  buildings  by  steam.  The  steam 
passes  through  the  radiators  and-  condenses.  The  latent 
heat  thus  set  free  warms  the  building. 

1987.  Temperature  of  Mixtures. — It  is  often  de- 
sirable to  calculate  the  final  temperature  of  a  mixture  of 
different  substances  at  different  temperatures.  The  follow- 
ing law  is  to  be  observed  in  such  cases:  The  quantity  of  heat 
in  a  mixture  is  the  savie  as  the  quantity  of  heat  contained  in 
the  substances  before  being  combined.  If  two  substances  of 
different  temperatures  are  placed  together,  they  both  finally 
attain  the  same  temperature;  the  heat  lost  by  the  one  in 
coming  from  a  higher  to  a  lower  temperature  is  gained  by 
the  other  in  passing  from  a  lower  to  a  higher  temperature. 

Rule. —  To  find  the  temperature  of  a  mixture  of  several 
substances,  multiply  together  the  weight,  specific  heat,  and 
temperature  of  each  substance  separately,  and  add  the  prod- 
ucts. Next,  multiply  together  the  weight  and  specific  heat 
of  each  of  the  substances  separately,  and  add  these  products. 
Divide  the  former  sum  by  the  latter.  The  result  will  be  the 
temperature  of  the  mixture. 

Let  w,  w^,  w^   . . . .  =  weights  of  the  several  substances, 

respectively ; 
r,  ^j,  r,     . . . .  =  specific    heats    of    the   substances, 

respectively; 
^t  ^t*  K     •  •  • .  =  temperatures    of     the    substances, 

respectively; 
T  =  final  temperature  of  mixture. 

Then,      r='^^:^-^'^--i^^'A±.l^.  (137.) 

Example. —  15  pounds  of  water  at  42'  and  30  pounds  of  mercury  at 
70'  are  placed  in  the  same  vessel,  and  a  ball  of  lead  weij^hing  19  |>ounda 
and  having  a  temperature  of  110"  is  immersed  in  the  mixture.  What 
will  l>e  the  final  temperature  of  the  contents  ? 

Solution. — Applying  formula  137, 

15X1  X42  +  30X. 0383  X  70 -f  19  X. 0314x110  ^  ..  .30       a 
^  "  15xl-i-80X  .0833  X  19  X  .0314  *      * 
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EXAMPLES   FOR   PRACTICE. 

1.  A  bridy  weighing  14:3  j»t»unds  falls  62  feet.  If  the  energy  of  the 
body  at  the  end  cf  the  fall  be  changed  into  heat,  how  many  B.  T.  U. 
wiu'be  developed  ?  Ans.  11.39  B.T.U. 

2.  An  expenditure  of  210  R  T.  U.  per  minute  will  develop  how 
many  horsepower?  Ans.  4.95  H.  P. 

3.  Supposing  I  of  the  total  heat  of  the  coal  to  be  used  in  doing 
work,  how  many  pi-^unds  of  c<.*al  must  be  burned  per  hour  to  run  a 
40  horsej>^wcr  engine  ?  Each  pound  of  the  coal  g^ves  out  13,500 
R  T.  U.  Ans.  52.8  lb. 

4.  Fr« mi  what  height  must  a  block  of  ice  fall,  that  the  heat  devel- 
oped by  its  collision  with  the  earth  may  be  just  enough  to  melt  it, 
supposing  that  all  of  the  energy  gained  during  the  fall  is  converted 
into  heat?  Ans.  112,032  feet 

5.  A  bar  of  iron  weighing  iO  pounds  and  having  a  temperature  of 
350'  is  plunged  into  a  tank  containing  130  pounds  of  water  at  55'.  To 
what  temperature  will  the  water  be  raised  ?  Ans.  60^ 

6.  How  many  pounds  of  ice  at  32'  can  be  melted  by  3  pounds  of 
steam  at  212  ?  Ans.  23.8751b. 

Suggestion. — Each  pound  of  ice  requires  144  B.  T,  U.  to  melt  it; 
each  pound  of  steam  in  changing  t<>  water  at  32*  g^ves  up  1,146  B.  T.  U. 
(See  Art.  1999.> 

7.  How  many  B.  T.  U.  are  required  to  raise  the  temperature  of 
26  pounds  of  copper  from  57'  to  93'  ?  Ans.  89.1  B.  T.  U. 


STEAM. 


PRELIMINARY   IDEAS. 

1988.  Steam  is  li'iitcr  vapor ;  that  is,  it  is  water 
changed  into  i\  ^i^iiscous  stiitc  by  the  application  of  heat. 

The  process  of  changing  water  (or  other  liquid)  into  vapor 
by  means  of  heat  is  called  ebullition,  or  boiling. 

1989.  When  a  vessel  containing  water  is  placed  in  con- 
tact with  a  flame  of  fire,  the  air  which  is  generally  contained 
in  the  water  is  first  driven  off  and  escapes  from  the  surface 
without  noise.  The  molecules  of  the  w^ater  which  are  in 
contact  with  the  part  of  the  vessel  nearest  the  lire  receive 
heat  first,  and  begin  t(^  move  more  and  more  rapidly  until, 
finally,  the  rohcsinn  between  them  is  overcome,  and  they 
rise  into  the  main  bodv  <!  water.  At  last,  the  whole  mass 
of  water  becomes  heated   through,  and  the  molecules  arc 
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then  able  to  rise  through  the  body  of  the  water,  overcome 
the  pressure  on  the  surface  of  the  water,  and  escape  in  the 
form  of  a  gas.     Then  the  water  boils. 

19dO.  It  is  plain  that  if  the  pressure  on  the  surface  of 
the  water  is  increased,  it  will  take  more  work  to  force  the 
molecules  to  the  surface  against  the  increased  pressure. 
That  is,  more  heat  must  be  expended  upon  the  water  to 
make  it  boil,  and,  therefore,  the  boiling-point  will  be  raised. 
We  have  seen  that  when  water  boils  in  open  air,  exposed, 
therefore,  to  the  atmospheric  pressure  of  14.7  lb.  per  sq.  in., 
the  water  boils  when  it  reaches  a  temperature  of  212°.  If 
the  pressure  on  the  surface  is  increased  to  say  32  lb.  per 
sq.  in.,  the  water  will  not  boil  until  it  reaches  a  temperature 
of  254°.  On  the  other  hand,  if  the  pressure  is  lowered  to 
6  lb.  per  sq.  in.,  the  water  boils  when  it  reaches  170*^. 
Hence,  we  have  the  following  law: 

An  increase  of  pressure  on  the  surface  of  a  liquid  raises 
tJu  temperature  at  ivhich  it  boils ;  a  decrease  of  pressure 
lowers  the  temperature  at  which  it  boils. 

1991.  When  steam  is  in  contact  with  the  water  from 
which  it  is  generated,  it  is  called  saturated  steam.  This 
is  the  condition  of  steam  in  a  boiler.  According  to  the  law 
just  given,  the  temperature  of  saturated  steam  depends 
upon  the  pressure  only.  When  the  steam  in  a  boiler  shows 
a  gauge  pressure  of  60  pounds,  its  temperature  must  be  307°. 
A  thermometer  placed  in  a  boiler  could  be  used  to  tell  the 
pressure  of  the  steam.  It  would  be  even  more  accurate 
(though  not  as  convenient)  than  a  steam-gauge. 

1992*  Steam,  if  not  in  contact  with  water,  may  be 
heated  like  air  or  any  other  gas  until  its  temperature  is 
higher  than  the  boiling-point.  For  instance,  let  a  quantity 
of  water  be  placed  in  a  cylinder  as  shown  at  a^  Fig.  648. 
Suppose,  for  convenience,  that  the  area  of  the  cylinder  is 
100  sq.  in. ;  then,  the  pressure  of  the  atmosphere  upon  the 
piston  is  14.69  X  100  =  1,469  lb.  The  number  14.69  is  a 
little  more  exact  than  14.7. 
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1993.  When  a  part  of  the  water  is  changed  to  steam, 
as  shown  at  b.  Fig.  648,  the  steam  is  in  a  saturated  state, 
and  its  temperature  is  212°.  When,  however,  the  water  is 
all  changed  to  steam,  as  shown  at  c,  any  further  addition  of 
heat  will  raise  the  temperature  of  the  steam,  while  the 
pressure  will,  of  course,  remain  at  14.09  lb.  per  sq.  in. 
Steam  in  this  condition  is  said  to  be  superheated  st«aai. 
The  specific  heat  of  superheated  steam  is  .4805,  or  say  .16 


lUlliiilB 

ii 
W 


Fro.  S48. 

for  ordinary  purposes.  Hence,  .48  of  one  B.  T.  U,  is  re- 
quired to  riiise  the  temperature  cf  superheated  steam  one 
degree.  The  temperature  of  siilurated  steam  can  not  be 
raised  if  the  pressure  remains  constant.  All  the  heat  is 
expended  in  changing  water  to  steam,  and  until  all  the 
water  is  vapurizod  tlie  temperature  remains  constant. 

1994.  Prime  or  wet  wtwam  is  steam  which  contains 
a  certiiin  percentage  nf  waUx  in  siispi^nsion  or  mixed  with 
it.  If  steam  rises  from  the  surface  cf  water  with  a  velocity 
greater  than  2.5  feet  per  second,  it  carries  water  with  it  in 
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the  form  of  spray,  and  when  such  fine  spray  has  been  once 
entrained  or  carried  up  with  the  steam,  it  does  not  readily 
settle  against  the  rising  current  of  the  new  steam  that  is 
constantly  being  formed.  Steam  has  been  known  to  hold 
16  times  its  own  weight  of  water  in  suspension,  or  to  be 
1,600  per  cent,  moist;  in  the  usual  practice,  however,  the 
priming  of  steam-boilers  falls  within  the  range  of  from  5  to 
15  per  cent. 

1995.     Gause    and    Absolute    Pressures. — It   has 

been  shown  that  the  pressure  of  the  atmosphere  is  14.7 
pounds  per  square  inch  above  vacuum.  Ordinary  gauges 
register  pressures  above  atmosphere  only.  Thus,  if  the 
steam-gauge  of  a  boiler  shows  80  pounds  pressure,  it  indi- 
cates that  the  pressure  of  the  steam  in  the  boiler  is  80 
pounds  per  square  inch  greater  than  the  pressure  of  the  at- 
mosphere. To  find  the  pressure  of  the  steam  above  vacuum, 
we  must,  therefore,  add  14.7  .to  the  gauge-reading;  thus, 
80  -}-  14.7  =  94.7.  The  pressures  indicated  by  the  gauge  are 
called  s^aus^e  pressures ;  pressures  above  vacuum  are 
called  absolute  pressures.  To  obtain  the  absolute  pres- 
sure, add  14.7  to  the  gauge  pressure. 


PRBSSURB  AND  TBMPBRATURB  OP  STEAM. 

1996*  Having  given  the  gauge  pressure  or  the  pres- 
sure above  the  atmosphere  in  a  boiler,  to  determine  the 
temperature  of  the  steam  and  water  within  the  boiler: 

Rule. —  To  199  add  IJf,  times  the  square  root  of  the  pres 
sure.      The  result  will  be  in  Fahrenheit  degrees. 

Let  /  =  temperature  of  steam ; 
p  =  gauge  pressure  of  steaml 

Then,  /  =  199  +  14  ^.  (1 38.) 

Example. — ^The  pressure  in  a  boiler  is  81  pounds  per  square  inch 
above  the  atmosphere,  as  shown  by  the  steam-gauge ;  what  is  the  tem- 
perature of  the  steam  in  the  boiler  ? 

SOLUTIOH.—    /  =  IW  + 14  f^  =  325"  Fahrenheit.     Ans. 
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1997.  Having  given  the  temperature  of  the  steam  ar^d 
water  within  a  boiler  in  Fahrenheit  degrees,  to  determine 
the  pressure  within  the  boiler: 

Rule. — Subtract  100  from  the  temperature^  and  divf^de 
their  differ e tie e  by  IJ^.  The  square  of  this  quotient  will  i>€ 
the  pressure  luithin  the  boiler  in  pounds  per  square  inch  ab(^^ZJ^ 
the  atmosphere  ; 

or,  ^=J^____j.  (139.) 

ExAMi>LE. — The  temperature  of  the  steam  within  a  boiler  is  325'  E**-  ; 
what  is  the  pressure  in  the  boiler  ? 

325  "^ 199\' 

Solution. —    /  =  (   "'      j  =  81  pounds  per  square  inch  above 

atmospheric  pressure,  or  81  -\-\A.l  —.  95.7  pounds  per  square  inch  above 
a  vacuum.     Ans. 

PROPBRTIBS  OF  8TBAM. 

1 998.  The  total  lieat  of  vaporization  is  the  num- 
ber  of  heat  units  required  to  change  a  pound  of  water  at 
32°  F.  to  steam  of  the  given  temperature  and  pressure. 

1999.  Having  given  the  temperature  of  the  steam 
within  a  boiler  in  Fahrenheit  degrees,  to  determine  the 
total  heat  of  vaporization  of  1  pound  of  the  saturated  steam 
in  the  boiler  from  water  at  \Vl°  F. : 

Rule. — Add  l^OSl.Jf  to  the  product  of  the  given  tempera- 
ture of  the  steam  and  .fiOo.  The  result  will  be  the  number  of 
British  tJurvial  units  required  to  convert  1  pound  of  water  at 
32^  F,  into  1  pound  of  steam  at  the  given  temperature. 

m 

Let  //=  total  heal  of  vaporization  in  B.  T.  U. ; 
/  —  temperature  of  steam. 

Then,  H=  1,  OS  1.4+  .;K)5/.  (140.) 

Example. — What  is  the  total  heat  of  vaporization  of  one  pound  of 
saturated  steam  at  325'  F.  ? 

Solution.—    //--^  l.osi.-l  .^  .;{05  x  325  :-:  1,180.5  B.  T.  U.     Ans. 

2000.  The  teinpcriiturc  t»f  saturated  steam  does 
not  increase  by  equal  intrcincnts  for  ecjual  advances  in 
pressure,  but  rises  in  a  decreasing  ratio.     For  example,  at 
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atmospheric  pressure  an  added  pound  in  the  steam  pressure 
means  a  gain  of  3.5°  F.  in  the  temperature,  while  at  150 
pounds  pressure  per  square  inch,  it  means  but  an  increase 
of  .5°  F.  in  temperature. 

2001  •     The  total  lieat  of  vaporization  of  steam  in- 
creases but   slowly  with  the  increase  in  the  pressure  and 
temperature,  and  it  takes  but  1.07  times  as  much  heat  to 
Produce  a  pound  of  steam  at  485  pounds  per  square  inch 
Srauge  pressure  as  it  does  to  produce  a  pound  under  atmos- 
pheric pressure. 

EXPANSION  OF  8TBAM. 

20O2.  Experiment  has  shown  that  when  a  given  amount 
of  saturated  steam  at  a  given  pressure,  and  enclosed  in  a 
cylinder,  is  allowed  to  expand,  its  absolute  pressure  will 
decrease  very  nearly  inversely  as  its  volume  increases,  and 
that  it  will  very  closely  retain  its  saturated  state,  although 
there  will  be  some  condensation.  In  other  words,  steam  in 
expanding  approximately  follows  Mariotte's  law.  (See 
Art.  852,  Gases  Met  With  in' Mines.) 

Example. — An  engine  cylinder  contains  1^  cubic  feet  of  steam  at  a 
pressure  of  65.3  pounds  per  square  inch,  gauge.  If  the  steam  expands 
until  the  volume  is  6  cubic  feet,  what  will  be  the  final  gauge  pressure  ? 

Solution. — Initial  absolute  pressure  =  65.3  4- 14.7  =  80  pounds  per 
square  inch. 

According  to  Mariotte's  law 

P\  = „        =  20  pounds  per  square  inch,  absolute; 

20—  14.7  =  5.3  potmds  per  square  inch,  gauge.     Ans. 


COMBUSTION  AND  FUELS. 

2003*  Combustion  is  the  rapid  chemical  combination 
of  various  substances  with  oxygen^  as  a  result  of  which  heat 
and  light  are  produced. 

2004.  Atmospheric  air  is  the  chief  source  of  supply 
from  which  the  oxygen  used  in  the  combustion  of  fuels  is 
drawn.     It  is  composed  of  a  mixture  of  oxygen  and  nitrogen 

5^4—9 
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in  the  proportion  of  1  pound  of  oxygen  to  3.35  pounds  of 
nitrogen ;  or,  by  volume,  1  cubic  foot  of  oxygen  to  3.76  cubic 
feet  of  nitrogen.  Therefore,  for  every  pound  of  oxygen 
employed  in  combustion,  4.35  pounds  of  air  must  be  sup- 
plied, or  for  every  cubic  foot  of  oxygen,  4.76  cubic  feet  of 
air  must  be  supplied.  Nitrogen,  however,  takes  no  part  in 
combustion,  and,  whenever  present,  passes  off  as  a  free  gas, 
heated  up  to  the  temperature  of  the  other  gases  with  which 
it  is  mixed. 

• 

The  volume  of  1  pound  of 

Air  at  62°  F.  is 13.14  cubic  feet. 

Oxygen  at  62°  F.  is 11.89  cubic  feet. 

Nitrogen  at  62°  F.  is 13.50  cubic  feet. 

2005.  Fuels  are  those  forms  of  matter  which  are 
chiefly  composed  of  the  combustible  elements,  carbon  and 
kydrogcft.  Coal,  coke,  wood,  and  petroleum  are  examples  of 
fuels,  but  of  these,  coal  is  by  far  the  most  generally  used  in 
the  furnaces  of  boilers  for  the  production  of  steam. 

2006.  The  temperature  at  which  a  combustible  eleilient 
or  fuel  takes  fire,  when  brought  into  the  presence  of  oxygen 
or  air,  differs  for  each  substance  considered,  although  it  is  a 
constant  for  any  one  form  of  matter.  For  example,  sodium 
ignites  and  enters  into  chemical  combination  with  the  air  at 
ordinary  temperatures,  while,  in  order  to  light  an  illumina- 
ting gas  jet  with  a  piece  of  heated  iron,  the  iron  would  have 
to  be  heated  to  an  orange  color,  or  a  temperature  of  about 
2,000^  F. 

2007.  Hydrogen,  in  whatever  form  it  may  appear,  will 
always  separate  and  combine  with  oxygen^  when  ignited, 
in  the  proportion  of  1  pound  of  hydrogen  to  8  pounds  of 
oxygen  to  produce  steam,  in  which  form  it  will  pass  off  and 
condense  into  9  pounds  of  water;  during  the  time  it  is  being 
completely  burned,  02,032  B.  T.  U.  will  be  generated. 

2008.  The  combustion  of  carbon^  in  like  manner,  is 
always  complete  at  first;  that  is  to  say,  1  pound  of  carbon 
combines  with  2.  CO  pounds  of  oxygen  to  form  3.66  pounds 
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of  .'j^r-r^L' ^^-lyj-^j :  :u:  if  zzt  supply  of  oxygen  should  be 
ins-.i:r::en  in  zj^zzizj  ::■  ::n:b:ne  wiih  all  the  carbon  pres- 
ent, 2tz.i  ii  the  le—frrii-re  :f  ignition,  the  carbonic  acid 
gis  Till  ^ivt  -7'  T^ir:  ::  ii>  oxygen,  and  reduce  the  final 
irniir.  .:  the  fw.  elements  t:»  the  proportion  of  1.33  i>ounds 
of  ixygen  ::•  1  r»:-ni  ::  car'ion  i:>  form  '2.33  pounds  of  car- 
br-nic  •;  xide  gis. 

The  c  -■mplete  c  -nt  bust  ion  «:f  1  pound  of  carbon  to  carbonic 
acid  gas  gener^ies  I4,.v>»  B.  T.  U.,  but  if  the  combustion 
be  inc:»mp:e:e.  th^:  i>,  i:  the  nnal  product  of  the  combus- 
tion is  carb^.-'nic  ■ -xiie  g^s,  on'.y  i,45«>  B.  T.  V.  will  be  gen- 
erated. If,  however.  :h:s  carb-.-^nic  oxide  gas  should  come 
in  :oniact  wi:h  m-ire  air.  it  will  immediately  ignite  and 
combine  with  an.'thrr  1.33  pK>unds  of  oxygen  to  form  3.66 
pounds  of  carl»n:c  acid  gas  again,  and  will  regenerate  the 
10,05*j  B.  T.  V.  which  had  pre>nously  been  lost. 

2009.  In  Table  4*2  the  more  important  quantities  that 
have  to  be  C':>n>idered  in  connection  with  combustibles  have 
been  tabulated:  to  illustrate  the  uses  to  which  the  table  may 
be  put,  we  will  consider  a  sh*trt  example. 

Example. — A  furr.-ct  h:i>  a  gr^w  area  of  36  square  feet,  upon  which 
45^.6  fwunds  of  coal  arc  bvirned  jkt  hour,  under  an  ordinary  chimney 
draft.  How  many  pi»uni:s  of  air  must  pass  through  the  gyrate  per 
minute  ttj  effect  the  ct»mplf  te  combustion  of  the  coal  ? 

SoLUTi«»x. — Since  4"k}.6  jx»unds  K^i  coal  are  burned  per  hour,  453.6-1- 
60  =  7.56  pounds  will  l>e  consumed  jxrr  minute,  and  from  column  3, 
Tabic  42,  we  find  that  "21  jxmnds  i>f  air  will  be  required  per  pound  of 
coal ;  therefore.  7..j<>  x  2i  =  15S76  pounds  of  air  will  have  to  pass  through 
the  grate  per  minute.     Ans. 

E.x.\MPLE. — In  tlu-  la>t  example,  i.n  what  will  be  the  velocity  of  the 
air  through  the  grate,  if  wc  a^>ume  its  temperature  just  before  enter- 
ing the  furnace  to  be  6*2  K. ;  (  ' )  what  will  be  the  total  heat  f)er  hour 
generattrd  by  the  compk-te  combustion  of  the  coal;  (c)  it  no  heat  is 
lost,  what  amount  of  water  will  thishtat  evajjorate  from  and  at  212'  F.? 

Solution. — (</)  By  referring  to  Art.  2004,  we  find  the  volume  of 
1  pound  of  air  at  62  F.  to  be  1^.14  cubic  feet;  therefore,  the  total 
volume  of  the  air  that  will  pass  through  the  grate  per  minute  will  be 
158.76  X  13.14  =  2,086.1  cubic  feet,  and,  dividing  this  by  the  area  of  the 
grate,  we  get  2,086.1  -5-  36  —  57.95  feet  per  minute  as  the  velocity  of  the 
air  through  the  grate.     Ans. 
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(6)  The  total  heat  of  combustion  of  1  pound  of  coal  is  14,133  B.  T.  U. 
(see  column  5,  Table  42);  therefore,  453.6  X  14,133=6.410.728.8  B.  T.  U. 
will  be  generated  in  the  furnace  per  hour.     Ans. 

(r)  From  column  7  of  Table  42,  we  find  the  equivalent  evaporation 
of  1  pound  of  coal  to  be  14.63  pounds  of  water  from  and  at  212**  F. ; 
therefore,  453.6  pounds  of  coal  would  evaporate  458.6  X  14.68  = 
6,686.168  pounds  of  water  per  hour.    Ans. 
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TYPES  OF  BOILBRS. 

2010*  A  Bteam-boller  is  an  apparatus  for  the  pro- 
duction of  steam  under  pressure  by  the  expenditure  of  the 
heat  energy  stored  in  fuel. 

The  general  principles  involved  in  all  the  various  boiler 
designs  are  necessarily  the  same,  although  they  have  assumed 
a  variety  of  different  forms  in  the  effort  on  the  part  of  en- 
gineers to  meet  the  varying  conditions  under  which  boilers 
have  to  be  operated. 

For  this  reason,  it  has  become  necessary  to  classify  them 
by  the  marked  peculiarities  of  construction  which  some  of 
the  more  common  makes  possess,  and  we  will,  therefore,  take 
up  their  discussion  along  the  natural  line  of  their  develop- 
ment, and  under  the  following  heads  :  (1)  Plain  Cylindri- 
cal Boilers;  (2)  Flue-Boilers;  (3)  Tubular  Boilers ;  (4)  Water- 
Tube  Boilers. 

PLAIN  CYLINDRICAL    BOILBR8.    • 

2011.  A  plain  cylindrical  boiler  is  simply  a  long  hollow 
cylinder  made  of  wrought-iron  or  steel  plates  riveted  to- 
gether, after  having  been  bent  into  the  required  shape.  It 
is  usually  fitted  with  flat  cast-iron  heads,  as  shown  in  Figs. 
649  and  650,  although  in  some  cases  the  heads  are  made  hem- 
ispherical or  **  egg  "  ended,  since  this  form  offers  the  greatest 
possible  resistance  to  bursting. 

When  such  a  boiler  is  in  operation,  the  iron  cylinder  or 
shell,  should  be  kept  about  two-thirds  full  of  water,  and  that 
this  may  be  done,  a  feed- water  pipe  N,  leading  into  the  boiler 
below  the  water-line  F,  Figs.  649  and  651,  must  be  provided. 
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By  meansef  this  pipe, 
water  can  be  forced 
into  the  boiler  from 
time  to  time  to  sup- 
ply the  place  of  that 
which  is  evaporated 
into  steam. 

In  order  to  be  able 
to  tell  when  the 
water  in  the  boiler 
has  reached  its 
proper  level,  three 
water-cocks  C,  C„  C, 
are  placed  one  above 
the  other,  usually 
on  the  heart  of  the 
boiler,  where  they 
will  be  handy  to 
^  get  at;  they  are  so 
2  arranged  that  the 
*  middle  one  will  come 
in  line  with  the  water- 
UneF,  Fig.  601,  while 
the  upper  one  enters 
the  steam -space  S, 
and  the  lower  one 
the  water-space  /['. 
When,  therefore,  the 
water  is  at  its  ])roper 
level,  and  the  cocks 
are  opened,  steam 
should  come  out  of 
the  upper  one,  a  mix- 
ture of  steam  and 
water  out  of  the 
middle  one,  and  pure 
water  out  of  the 
lower  one. 
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201 2.  The  device  at  ^  is  a  safety-valve,  a  sectional  view 
of  which  is  given  in  Fig.  652.  The  nozzle  at  S  communi- 
cates directly  with  the  boiler,  and  the  steam  has  a  free  pas- 
sage through  which  to  flow  past  the  valve  I^  to  the  steam-pipe, 
bolted  on  to  the  nozzle  O.  When,  however,  the  steam  in 
the  boiler  rises  above  the  pressure  the  boiler  is  to  carry,  the 
valve  V  is  lifted  from  its  seat  against  the  resistance  offered 
by  the  lever  /-  and  weight  iV,  through  the  stem  P,  and  the 
steam  is  permitted  to  escape  outside  through  the  relief  ori&ce 


Pio  «tia  Fia  «6t 

at  R,  until  the  pressure  falls  to  its  normal  value  The  pipe 
r.  Fig.  049,  is  attached  to  this  onhce  to  conduct  the  steam 
away  as  it  escapes  from  the  safety-valve. 

The  same  explanation  describes  the  second  safety-valve 
shown  in  Fig.  G5'-i,  which  differs  from  the  first  one  only  in 
not  having  the  additional  nozzle  for  connecting  the  steam- 
pipe.  Therefore,  when  this  form  of  safety-valve  is  used,  the 
steam  must  be  led  from  the  boiler  through  a  pipe  connected 
at  some  other  point. 

2013.  The  steam-gauge  B,  Fig.  650,  is  an  instrument 
having  a  circular  face  and  a  pointer  to  indicate  the  pressure 
in  pounds  per  square  inch  in  a  boiler.  It  should  in  all  cases 
be  mounted  on  every  boiler,  as  it  enables  the  engineer  to  see 
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at  a  glance  whether  the  boiler  is  generating  a  greater  or  less 
amount  of  steam  than  the  circumstances  require.  The  gauge 
is  connected  to  the  boiler  by  a  pipe. 

2014.     In  generating  the  heat  for  the  evaporation  of 


the  water  in  these  boilers,  they  are  always  externally  fired; 
that  is  to  say,  the  furnace,  which  is  made  chiefly  of  brick- 
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work,  IS  built  up  under  one  end  of  the  shell,  and  is  also 
made  to  form  a  part  of  the  masonry  enclosing  the  whole 
boiler  to  prevent  the  heat  from  radiating 

2015.  When  the  boiler  is  in  operation,  the  fuel  which 
is  thrown  in  through  the  furnace-door  J  ignites  and  bums 
on  the  furnace-grate  E^  Fig.  049.  The  furnace-grate  is 
frequently  made  up  of  parallel  layers  of  cast-iron  grate-bars 
placed  a  short  distance  apart,  which  rest  on  iron  supports 
placed  in  the  masonry.  There  are,  however,  a  great  many 
different  designs  of  grate-bars  in  use,  both  of  the  stationary 
as  well  as  of  the  rocking  types.  In  Fig.  654  is  shown  one 
of  this  latter  kind,  known  as  the  McClave  Rocking  Grate. 
The  grate-bars  t\  r,  e^  made  in  the  form  of  very  deep  T's, 
are  pivoted  at  both  ends,  and  when  the  lever  /  is  worked 
backwards  and  forwards,  the  rod  r,  being  connected  with 
/  at  w,  and  also  with  r,  t\  c  at  ;/,  ;/,  //,  transmits  the 
motion  of  the  lever  to  the  grate-bars,  and  causes  them 
to  rock  backwards  and  forwards  about  their  centers  of 
rotation  r,  c. 

By  means  of  these  rocking  grates,  fires  can  be  cleaned  or 
shaken  down  without  opening  the  furnace-doors — a  very 
desirable  feature,  since,  whenever  these  doors  are  opened, 
the  volume  of  cold  air  that  rushes  in  over  the  grate  tends 
to  chill  the  fire  and  lower  the  temperature  of  the  furnace. 

2016.  Returning  again  to  Figs.  049  and  051,  the  ashes 

of  the  burning  fuel  fall  through  these  grate-bars  into  the 
ash-pit  /^,  and  arc  removed  through  the  door  Z^  while  the 
hot  gases  generated  by  the  burning  coal  pass  upwards 
through  the  combustion-chamber  /'",  and  are  led  in  close 
contact  with  tlie  shell  over  the  bridge-walls  C,  G\  and 
through  the  flue-passages  //,  //  to  the  smokestack  A".  The 
ashes  U  i)laced  beneath  the  boiler  are  for  the  purpose  of 
bringing  the  heated  gases  in  contact  with  the  bottom  of  the 
boiler. 

In  order  to  provide  for  the  proper  cleaning  of  the  whole 
structure,  a  blow-off  pipt;  J/",  through  which  the  water  may 
be  drained  off,  is  led  from  the  boiler,  and   a   manhole  f?, 
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Pig.  650,  closed  with  a  manhole  plate,  yoke,  and  bolt,  as 
shown,  makes  it  possible  for  the  fireman  to  remove  the  sed- 
iment and  coating  which  from  time  to  time  are  deposited  in 
the  shell  by  the  evaporating  water.  Doors  opening  into  the 
flues,  etc.,  through  the  brickwork  below  the  boiler  also 
facilitate  this  cleaning  process. 

2017.  Various  means  are  employed  for  ** setting"  or 
supporting  boilers  in  position.  Care  must  be  taken  to  so 
arrange  the  supports  that  the  boiler-shell  will  be  free  to 
expand  and  contract  with  the  changes  of  temperature. 

In  Figs.  649  to  651,  the  boiler  is  hung  from  wrought-iron 
channel-beams  /,  which  rest  upon  the  enclosing  masonry 
work,  and,  whenever  the  plates  expand  or  contract,  the 
boiler  swings  a  little  on  the  hooks,  one  way  or  the  other. 

To  add  rigidity  to  the  brick  walls,  buckstaves  Z,  L  are 
provided,  which  are  bolted  or  keyed  together  above  and 
below  the  boiler  by  long  rods. 

2018.  In  these  boilers,  as  well  as  in  all  others,  the  fur- 
nace gases,  when  in  their  highly  heated  state,  should  be 
kept  from  coming  in  contact  with  those  metal  parts  of  the 
boiler  which  lie  above  the  water-line  F,  since  they  tend,  by 
overheating  the  metal,  to  cause  a  blistering  of  the  plates 
and  a  burning  off  of  the  rivet-heads,  that  in  time  would 
produce  serious  leaks,  if  not  an  explosion.  To  prevent  this, 
the  masonry  is  made  to  abut  against  the  boiler-shell  just 
below  the  water-line,  as  seen  in  Fig.  651,  and  is  frequently 
arched  completely  over  the  shell  as  well,  for  the  purpose  of 
diminishing  the  heat  radiation  from  the  metal  parts  of  the 
boiler.  All  the  masonry  with  which  the  flame  does  not 
come  in  contact  is  generally  made  of  ordinary  red  brick  or 
stone,  while  that  with  which  the  flame  does  come  in  con- 
tact is  made  of  firebrick. 

2019«  The  draft  or  rapidity  with  which  the  airflows 
through  the  grate  of  a  boiler,  for  the  purpose  of  supplying 
the  fuel  with  a  sufficient  quantity  of  oxygen  to  insure  its 
complete  combustion,  is  usually  produced  by  the  chimney 
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or  smokestack,  although  it  is  frequently  increased  and  made 
more  efficient  by  connecting  a  blower  with  the  ash-pit  D. 

There  are  a  great  many  different  kinds  of  these  blowers, 
but  the  simplest  and  the  one  best  adapted  for  boiler  work 
is  that  represented  in  Figs.  649  to  G51,  at  -V.  It  consists 
simply  of  a  long  metal  cylinder  into  which  a  jet  of  steam  is 
led  from  the  boiler  by  a  f -inch  pipe. 

The  steam,  as  it  rushes  through  the  pipe  Y  into  the 
blower  with  great  velocity,  draws  the  air  along  with  it,  and 
the  cylinder,  by  giving  the  blast  the  proper  direction,  causes 
it  to  impinge  on  the  grate-bars  E  ;  thus  a  rapid  and  com- 
plete combustion  of  the  coal  is  produced. 

2020*  Plain  cylindrical  boilers  are  little  used  at  the 
present  day,  except  in  mining  districts  and  other  localities 
where  fuel  is  very  cheap,  for  they  have  so  small  a  water- 
heating  area,  in  proportion  to  the  amount  of  water  they 
contain,  and  the  volume  of  gas  given  off  from  their  furnaces, 
that  they  are  very  wasteful  of  heat  energy.  They  are  made 
from  28  to  50  inches  in  diameter,  and  from  20  to  GO,  and 
even  100,  feet  in  length.  This  great  length  is  given  to 
increase  the  water-heating  area. 


FLtJB-BOILBRS. 

2021.  The  flue-boiler  represents  a  type  in  which  an 
increased  water-heating  area  is  obtained  by  the  introduction 
of  one  or  two  large  flue-pipes  within  the  boiler-shell,  below 
the  water-line.  In  Figs.  G55  to  057  is  shown  an  externally 
fired flHC'boilc7\  or  one  in  which  the  heated  gases,  after  pass- 
ing from  the  furnace,  over  the  bridge-walls,  and  along  in 
contact  with  the  lower  surface  of  the  boiler  till  the  space  // 
is  reached,  are  mad(i  to  return  through  one  or  two  large 
flues  A,  A,  Fig.  057,  fitted  within  the  cylinder  below  the 
water-line. 

From  these  flues  the  gases  enter  the  smokebox  By  and 
flow  from  there  directlv  into  the  smokestack  C.  The 
arrangement  of  the  masonry  and  the  **  setting  "  of  the  boiler- 
shell,  in  this  instance,  follows  the  construction  of  Figs. 
649  to  651  so  closely  that  no  further  explanation  need  be 
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given,  other 
than  to  call  atten- 
tion to  the  feed- 
pipe at  N,  the 
blow-off  pipe  at  M, 
the  steam-gauge 
at  K,  the  gauge- 
cocks  on  the  col- 
umn L,  and  the 
steam -do  me  placed 
above  the  boiler 
at  D.  The  steam- 
gauge  and  the 
gauge-cocks  com- 
municate with  the 
boiler  through  the 
pipes  s  and  i, 
the  former  passing 
into  the  steam- 
space  and  the  lat- 
ter into  the  wat^r. 

2022.  There 
is  generally  a 
steam-dome  on 
every  boiler, which 
serves  as  a  cham- 
ber in  which  the 
steam  collects  and 
is  dried  or  relieved 
of  a  portion  of  its 
entrained  water 
before  passinir  to 
the  engine.  The 
hole  in  the  shell  of 

which  the  steam- 
dome    is    riveted, 
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should  not  be  made  larger  than  is  sufficient  to  permit  the 
free  passage  of  the  steam.  Anything  greater  than  this 
only  weakens  the  shell,  without  adding  to  the  utility  of  the 
dome. 

To  facilitate  the  cleaning  of  the  flues  and  boiler,  a  door 
is  provided  in  the  smokebox  at  E,  and  a  manhole  in  the 
shell  at  F.  A  door  should  also  be  made  in  the  masonry 
work  to  enable  the  fireman  to  get  at  the  external  flues  of 


the  structure.  Access  is  given  to  the  rear  end  of  the  shell 
and  to  the  pipes  jl/'aiid  N  through  the  door  P.  The  cast-iron 
plate  R  supports  the  brickwork  over  the  space  H.  The 
furnace  of  this  boiler  is  supplied  with  the  same  form  of 
steam-jet  blower  X  as  that  described  in  connection  with 
-Fig,  Oil). 

2023.  In  Fig.  U5R  a  design  of  an  internally  fired  fiut' 
boiler  is  shown. 

In  this  type,  the  furnace  is  entirely  surrounded  by  water, 
and  the  bridge-wall  yj,  the  grate  C,  and  the  ash-pit  P  arc 
placed  within  the  flue.  If  these  flues  (only  one  of  which  is 
shown  in  the  figure)  are  corrugated,  their  capacity  for  resist- 
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ing  external  pressure  is  greatly  increased  over  that  of  the 
plain  flue;  they  are,  consequently,  much  less  liable  to 
collapse  or  to  be  pushed  in.  Above  the  flue,  and  sur- 
rounded by  water,  are  a  large  number  of  tubes  leading 
from  the  chamber  E  through  the  shell  to  the  smokebox  F, 
which  are  provided  to  convey  the  heated  furnace  gases  a 
second  time  through  the  water  after  they  have  traversed 
the  corrugated  flue. 

The  tubes  B,  besides  greatly  increasing  the  heating  sur- 
face of  the  boiler,  combine  with  the  flue  and  stayrods  G  to 


increase  the  strength  of  the  boiler-heads,  since  when  the 
boiler  is  in  operation  the  internal  pressure  puts  them  under 
a  tensional  strain.  Further  stiffness  is  given  to  the  boiler 
by  riveting  a  number  of  plates  H,  H  (called  gusset-stays) 
around  the  head  and  inner  surface  of  the  shell. 

To  facilitate  the  inspection  and  cleaning  of  the  interior  of 
the  shell,  a  cast-iron  manhole  /,  closed  by  a  bolted  cover,  is 
riveted  on  the  upper  surface  of  the  boiler,  and  for  cleaning 
the  tubes  B  a  door  is  provided  to  the  smokebox  F.  The 
srnokestack  is  led  from  the  opening  in  the  top  of  the  smoke- 
box/^ 

The  setting  of  this  boiler  is  somewhat  different  from  those 
previously  considered.  The  masonry  is  simply  built  up  to 
prevent  heat  radiation,  and  to  insure  the  flow  of  the  furnace 
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gases  through  the  return  tubes  Bot  the  boiler.  The  curved 
beams  0,  O,  O  support  the  boiler. 

The  steam-gauge  and  water-cocks  are  not  shown  in  this 
figure.  The  safety-valve  should  be'bolted  on  at  K,  and  the 
blow-off  pipe  at  L.  The  feed-pipe  J  leads  into  the  steam- 
space,  and  discharges  below  the  tubes  B.  The  steam  supply 
is  drawn  from  the  nozzle  J/,  through  the  pipe  ^V.  The  pipe 
X  is  made  to  take  the  place  of  a  steam-dome,  since  the  steam, 
in  passing  throiigh  the  small  holes  of  the  pipe,  is  freed  from 
the  greater  part  of  its  entrained  water. 

Flue-boilers,  when  properly  designed  and  constructed, 
give  very  good  working  results,  and  have  given  good  satis- 
faction among  English  engineers.  In  America,  they  are 
not  so  popular  as  some  of  the  other  makes,  although  they  are 
found  in  operation  at  a  number  of  plants. 


( 


TUBULAR  BOILEUS. 

2024.  Tubular  boilers,  as  in  the  case  of  flue-boilers, 
may  be  divided  into  two  classes,  the  inlerHally  fired  s.nA  tx- 
ternally  find.     The  internally  fired  boiler  shown  in  Fig.  659 


is  called  the  flrt:-l>ox  f>r  louomtitlve  boiler.  This  type 
of  boik-r,  nc.\t  to  the  rniillitTihular  boiler,  is  probably  more 
used  than  any  other  ly[>e.  It  is  used  exclusively  in  railway 
service,  and  also  largely  as  a  stationary  boiler.     A  large  pro- 
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portion  of  the  small  portable  combined  engines  and  boilers 
used  for  agricultural  purposes  have  the  fire-box  type  of  boil- 
er. The  general  construction  of  this  type  of  boiler  is  shown 
in  Fig.  659.  The  shell  is  composed  of  two  differently 
shaped  parts  riveted  together.  The  front  part  of  the  shell 
is  cylindrical;  the  rear  part  is  usually  of  a  rectangular  cross- 
section  with  vertical  sides,  or  of  a  trapezoidal  section  with 
inclined  sides;  in  either  case,  the  top  is  semicylindrical. 
The  furnace  jp  is  a  box  of  the  same  shape  as  the  rear  end  of 
the  shell  in  which  it  is  placed.  There  is  a  space  left  between 
the  sides  and  end  of  the  furnace  and  the  shell ;  this  space  is 
filled  with  water,  as  shown  at  A,  A.  A  series  of  tubes  ex- 
tend from  the  front  sheet  of  the.furnace  or  fire-box  to  the 
front  head  of  the  shell.  The  shell  is  prolonged  beyond 
the  front  head,  forming  a  smokebox  B,  into  which  opens 
the  stack  C, 

As  shown  in  this  figure,  the  water-legs  (as  the  spaces  A, 
A  are  called)  only  extend  down  as  far  as  the  grate,  the  ashr 
pit  D  being  formed  in  the  brick-setting.  In  many  boilers  of 
this  type,  the  water-legs  extend  down  to  the  bottom  of  the 
ash-pit,  and  sometimes  there  is  a  water-space  below  the  ash- 
pit ;  that  is,  the  furnace  and  ash-pit  are  entirely  surrounded 
by  water. 

The  boiler  is  supported  at  the  front  end  by  the  cast-iron 
cradle  E  resting  upon  the  masonry  foundation  G.  The 
rear  end  is  supported  upon  a  brick  wall,  which  also  forms  the 
ash-pit.  The  boiler  is  usually  provided  with  a  dome  //,  from 
which  is  led  the  main  steam-pipe,  which  is  bolted  on  at  K. 
In  the  figure,  the  dome  is  provided  with  a  manhole  L.  The 
feed-water  may  be  introduced  at  any  convenient  point  in  the 
shell.  The  pressure-gauge,  water-glai^s,  and  gauge-cocks 
are  attached  to  the  column  J/,  which  is  placed  in  communi- 
cation with  the  interior  of  the  shell.  The  furnace  and  ash- 
pit doors  are  shown  at  N  and  (9,  respectively.  The  safety- 
valve  is  usually  attached  to  the  dome. 

Since  the  flat  sides  of  the  furnace  and  shell  are  liable  to 
bulge  on  account  of  the  pressure,  they  must  be  braced  or 
stayed.      This  is  accomplished  by  the  staybolts  5,  S,      The 
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flat  top  of  the  fire-box  is  strengthened  by  a  series  of  parallel 
girders  /'  !'.  As  an  additional  security,  the  gird<TS  are 
sometimes  attached  to  the  shell  by  the   "  sling-stays  "  R,  R. 

The  gases  of  combustion  pass  directly  from  the  furnace 
through  the  tubes  T,  7",  to  the  smolcebox  />',  and  out  of  the 
stack  C.  In  railway  locomotives,  a  strong  draft  is  obtained 
by  allowing  the  exhaust  steam  to  discharge  through  the 
smokestack.  The  escaping  steam  carries  along  the  air  and 
the  escaping  gases  in  the  smokebox  B,  thereby  drawing  a 
new  supply  of  gases  through  the  tubes  T,  T,  and  a  supply 
of  air  through  the  grate. 

The  tubes  of  the  locomotive  boiler  are  about  12  feet  long, 
two  inches  in  diameter,  and  made  of  iron  or  steel.  The  tubes 
of  stationary  and  portable  boilers  of  this  type  are  generally 
of  larger  diameter,  as  there  is  less  demand  for  great  quanti- 
ties of  steam.  The  locomotive  type  of  boiler  is  self-con- 
tained ;  that  is,  it  requires  no  brickwork  for  flues  or  for 
setting. 

2025.     The   Return-Tubular  Boiler. — This  type  of 

boiler  is  a  development  of  the  flue-boiler,  the  two  large  flues 
of  the  latter  being   replaced   by  a  large  number  of  small 


tubes.     The  object  of  introducing  the  nu: 

increase  the  heating  surface  «{  the  boiler. 

A  si(l<-  vi.-w  .>f  ;i  inlHiIar  Imili-r  is   slx-v 


s-section  through  (lie  tubes 


rii:.   fif.0;   a 


wn  in  Fig.  COl.      The 
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tubes    extend    the    whole    length  of  the  shell;  the  ends  are 
beaded  into  holes  in  the  heads  of  the  boiler.      The  front  end 
of    the  -shell  projects  beyond  the  head, 
forming    the   smokebox    B,   into  which 
opens  the  stack  C. 

The  shell  is  suspended  on  the  side 
walls  by  the  brackets  A,  A,  which  are 
riveted  to  the  shell.  The  boiler  is  usual- 
ly provided  with  a  dome  D,  though  this 
is  sometimes  left  off.  The  walls  are 
built  and  supported  by  buckstaves  in 
practically  the  same  manner  as  those  _ 
previously  described.     Since  this  type  of  "«■  w- 

boiler  is  generally  short,  one  bridge  onlyjsused.  Firebrick 
is  used  for  all  parts  of  the  wall  exposed  to  the  fire  or  heated 
gases.  The  fittings  are  not  shown  in  the  figure.  The  safety- 
valve  would  be  placed  on  top  of  the  dome,  and  the  pressure- 
gauge  and  gauge-cocks  would  be  placed  on  the  front. 
The  manhole  is  either  in  one  of  the  heads  or  on  top  of  the 
shell.  The  feed-pipe  may  enter  the  front  head  or  the  top, 
while  the  blow-off  pipe  is  placed  at  the  bottom  of  the  shell, 
at  the  rear  end.  Access  is  given  to  the  rear  end  of  the  boil- 
er through  the  door  E. 

As  usual,  the  furnace  ^is  placed  under  the  front  end  of 
the  boiler.  The  gases  pass  over  the  bridge,  along  under  the 
boiler  into  the  chamber  //,  then  back  through  the  tubes  to 
the  smokebox  B,  and- out  of  the  stack  C. 

The  return-tubular  boiler  is  probably  more  used  in  the 
United  States  than  any  other.  The  details  of  its  construc- 
tion and  setting  will  be  shown  later. 

2026.  Tlie  Vertical  Boiler. — This  type  is  essentially 
a  modification  of  the  locomotive  type  placed  on  end.  A  com- 
mon form  of  vertical  boiler  is  shown  in  Fig.  GC2.  It  con- 
sists of  a  vertical  cylindrical  shell,  in  the  lower  end  of  which 
is  placed  a  fire-box  F.  The  lower  rim  of  the  fire-liD-K  and  the 
lower  end  of  the  shell  are  separated  by  a  wrought-iron 
ring  k,  to  which  both  arc  riveted,  the  rivets  going  through 
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both  plates  and  ring.     The  shell  aiid  fire-box  are  also  stayed 
together  by  the  staybolts  a,  a.      The   space  between  the 


filled  with   water  ! 


'  that  the  fire-box  is  nearly  sur- 
rounded by  it.  The  boiler- 
shell,  and  likewise  the  grate  E, 
rest  upon  a  cast-Iron  base  D 
which  forms  the  ash-pit.  A 
series  of  vertical  tubes  /,  /  ex- 
tend from  tho  top  sheet  of  the 
fire-box  tti  the  upper  head  of  the 
shell.  The  tubes  serve  as  stay- 
rods  and  strengthen  the  flat 
surfaces  which  they  connect. 
The  upper  ends  of  the  tubes 
open  directly  into  the  chim- 
ney or  smokestack  A".  The 
gases  from  the  furnace  thus 
pass  directly  through  the  tubes 
and  out  of  the  stack. 

The  safety-valve  is  shown  at 
//,  with  the  main  steam-pipe 
G  leading  from  it.  The  pres- 
sure-gauge /'  and  gauge-cocks 
c,  (■,  (■  are  attached  to  a  column 
L,  whicii  communicates  in  the 
usual  manner  with  tho  interior 
of  the  Khell.  The  construction 
;  type  of  boiler  do< 
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become-   overheated   and   to   collapse,   when    the   tyjfler   Is 
subject  to  rapid  firing. 

In  the  form  of  vertical  boiler  shown  in  Fig.  CiZ,  ihls  dao- 
ger  is  avoided.  A  chamber  or 
smokebox /extends  down  from 
the  upper  head  of  the  shell  so 
that  its  bottom  plate  is  always 
below  the  water-line.  The  up- 
per ends  of  the  tubes  /,  /  are 
expanded  into  the  lower  plate  ■ 
of  this  chamber,  and,  the^efo^e, 
the  tubes  are  always  surrounded 
by  water  from  end  to  end.  A 
vertical  boiler  constructed  in 
this  manner  is  said  to  have  a 
submerged  head.  Aside  from 
the  submerged  head,  the  con- 
struction of  the  boiler  of  Fig. 
663  is  Similar  to  that  of  Fig.  C62. 

Vertical  boilers  are  gener- 
ally wasteful  of  fuel;  they  are, 
however,  self-contained,  re- 
quire  but  little  floor  space,  and 
are  easy  to  construct  arid  re- 
pair. For  these  reasons,  the 
vertical  type  of  boiler  is  very 
popular  with  a  large  class  of 
steam -users. 


WATEB-TCBE  BOILKRS. 

2027.    The  Babcock  and  ^'llcox  water-tubs  t>oller 

is  shown  in  Fig.  CG4.  It  consists  essentially  '  !  a  main  h'^r- 
izontai  drum  ^  and  of  a  series  of  inclined  tuhes  7",  T.  (Only 
3  single  vertical  row  oi  tubes  is  shown  by  the  fiKurc,  but  it 
will  be  understood  that  each  nest  of  tubes  is  composed  of 
several  vertical  rows.)  There  are  usually  T  or  ft  <<i  these 
vertical  rows  to  each  horizonl;il  dnim.  The  ff>rt  ends  r.f 
the  tubes  of  a  vertical  row  are  all  expanded  into  a  hollow  iron 
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casting  //  called  a.  beader.  The  rear  ends  are  expanded 
into  a  similar  header,  and  the  front  and  rear  headers  are 
placed  in  communication  with  the  drum  by  tubes,  or  risers,  C 
and  C,  respectively.  In  front  of  each  tube,  a  handholc  is 
placed  in  the  header  for  the  purpose  of  cleaning,  inspecting, 
or  removing  the  tubes. 

The  method  of  supporting  the  boiler  is  not  shown  in  the 
figure.  The  usual  method  is  to  hang  the  boiler  from 
wrought-iron  girders  resting  on  vertical  iron  columns.    The 


FlO.  8W. 

brickwork  setting  is  not  depended  upon  as  a  means  of  sup- 
port. This  make  of  boiler,  in  common  with  all  others  of  the 
water-tube  type,  requires  a  brickwork  setting  to  confine  the 
furnace  gases  to  their  proper  field. 

The  furnace  is  of  the  usual  form,  and  is  placed  under  the 
front  end  of  the  nest  of  tubes.  The  bridge-wall  G  is  built 
in  contact  with  the  tubes;  another  firebrick  wall  A'  is  built 
between  the  tubes  and  drum.  These  walls  and  the  baffle- 
plates  S,  S  force  the  hot  furnace  gases  to  follow  a  zigzag 
path  back  and  forth  through  the  tubes.  The  gases  finally 
pass  through  the  opening  A  in  the  rear  of  the  wall,  into  the 
chimney-flue. 

The  feed-water  is  introduced  through  the  feed-pipe  E. 
The  steam  is  collected  in  the  dry-pipe  F,  which  terminates 


§  18  STEAM   AND   STEAM-BOILERS.  37 

in  the  nozzles  M  and  iV,  to  one  of  which  is  attached  the 
main  steam-pipe,  and  to  the  other  the  safety-valve. 

The  pressure-gauge,  cocks,  etc.,  are  attached  to  the  col- 
umn, which  communicates  with  the  interior  of  the  shell  by 
the  small  pipes  u  and  v^  the  former  of  which  extends  into 
the  dry-pipe,  the  latter  into  the  water. 

At  the  bottom  of  the  rear  row  of  headers  is  placed  the 
mud-drum  D.  Since  this  drum  is  the  lowest  point  of  the 
water-space,,  most  of  the  sediment  naturally  collects  there. 
This  sediment  may  be  blown  out  from  time  to  time  through 
the  blow-out  pipe  P.  The  drum  D  is  provided  with  a  hand- 
hole  (2.  ^^d  ^  manhole  R  is  placed  in  the  front  head  of  the 
drum  B,  The  heads  of  the  drums  are  of  hemispherical  form, 
and,  therefore,  do  not  require  bracing.  Access  may  be  had 
to  the  space  within  the  walls  through  the  doors  /  and  J, 

The  circulation  of  water  takes  place  as  follows:  The  cold 
water  is  introduced  into  the  rear  of  the  boiler;  the  furnace 
being  under  the  higher  end  of  the  tubes,  the  water  in  that 
end  expands  upon  being  heated,  and  is  also  partially 
changed  to  steam ;  hence,  a  column  of  mingled  water  and 
steam  rises  through  the  front  headers  to  the  front  end  of 
the  drum  By  where  the  steam  escapes  from  the  surface  of  the 
water.  In  the  meantime,  the  cold  water  fed  into  the  rear 
of  the  drum  descends  to  the  rear  headers  through  the  tubes 
C y  to  take  the  place  of  the  water  which  has  risen  in  front. 
Thus,  there  is  a  continuous  circulation  in  one  direction, 
sweeping  the  steam  to  the  surface  as  fast  as  it  is  formed, 
and  supplying  its  place  with  cold  water.  Most  of  the  sedi- 
ment sinks  to  the  mud-drum  Z>,  from  which  it  is  blown  out 
from  time  to  time. 

2028.  The  Heine  ^water-tube  boiler  is  shown  in 
Fig.  CG5.  It  differs  in  many  respects  from  those  already 
described.  It  consists  of  a  large  main  drum  A^  which  is 
above  and  parallel  with  the  nest  of  tubes  7",  T,  Both  drum 
and  tubes  are  inclined  at  a  small  angle  with  the  horizontal, 
so  that  the  water-level  is  about  \  the  height  of  the  drum  in 
front  and  about  \  the  height  in  the  rear.     The  ends  of  the 


38 


STEAM   AND   STEAM-BOILERS. 


g  IS 


tubes  are  expanded  into  the  large  wrought-iron  water-legs 
B,  B.  These  legs  are  flanged  and  riveted  to  the  Hhell.  The 
shell  is  cut  out  for  about  \  the  circumference  to  receive  the 
water-legs,  the  opening  being  from  CO  to  90  per  cent,  of  the 
cross-sectional  area  of  the  tubes.  The  drum-heads  are  of  a 
hemispherical  form,  and,  therefore,  do  not  need  bracing. 
The  water-legs  form  the  natural  support  of  the  boiler. 


The  front  waicr-lej^  is  placed  in\  a  pair  of  cast-iron  columns 
£  which  form  part  of  ihefnmt  of  t lie  boiler.  The  rear  water- 
leg  vests  on  rollers  (shown  at  J-')  which  may  move  freely  on 
a  cast-iron  plale  bedded  in  Iho  rear  wall.  The  rollers  allow 
the  boiler  tu  c.\pand  when  healed. 

The  boiler  is  enclosed  by  a  brickwork  setting  in  the  usual 
manner.  The  bridge  (•  is  made  larj;cly  of  firebrick.  It  is 
made  hollow,  and  has  <jpeninj;s  in  the  rear  to  allow  air  to  pass 
into  the  chamber  7' aiul  mis  with  the  furnace  gases.  The  air 
isdrawn  from  the  outside  thnmjrh  the  channel  Q  in  the  side 
wail.  Tlie  air  is,  of  cnurse,  healed  in  passing  through  the 
bridge.     In  the  rear  wall  is  the  arched  opening  O,  which  is 
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closed  by  a  door,  and  further  protected  by  a  thin  wall  of 
firebrick.  When  it  is  necessary  to  enter  the  chamber/*,  the 
wall  may  be  removed  and  afterwards  replaced. 

The  feed-water  is  brought  in  through  the  feed-pipe  iV, 
which  passes  through  the  front  head.  As  the  water  enters, 
it  flows  into  the  mud-drum  />,  which  is  suspended  in  the 
main  drum  below  the  water-line,  and  is  thus  completely  sub- 
merged in  the  hottest  water  in  the  boiler.  This  high  tem- 
perature is  useful  in  precipitating  the  impurities  contained 
in  the  feed-water.  These  impurities  settle  in  the  mud-drum 
Z>,  and  may  then  be  blown  out  through  the  blow-out  pipe  M. 

Layers  of  firebrick  H^  H  are  laid  at  intervals  along  the 
rows  of  tubes,  which  act  as  baffle-plates,  and  force  the  fur- 
nace gases  to  pass  back  and.  forth  through  the  tubes.  The 
gases  finally  escape  through  the  chimney  R  placed  above  the 
rear  end  of  the  boiler.  To  protect  the  steam-spaces  of 
the  drum  from  the  action  of  the  hot  gases,  the  drum  in  the 
vicinity  of  the  chimney  is  protected  by  firebrick,  as  shown 
in  the  figure. 

The  steam  is  collected  and  freed  from  water  by  the  per- 
forated dry-pipe  K.  The  main  steam-pipe  with  its  stop- 
valve  is  shown  at  X^  the  safety-valve  at  Z.  In  order  to 
prevent  a  combined  spray  of  mixed  water  and  steam  from 
spurting  up  from  the  front  header  and  entering  the  dry- 
pipe,  a  deflecting  plate  L  is  placed  in  the  front  end  of  the 
drum. 

A  manhole  Y  is  placed  in  the  rear  head  of  the  drum. 
The  flat  sides  of  the  water-legs,  which  are  made  hollow  to 
give  access  to  the  outside  of  the  tubes,  are  stayed  together 
by  the  staybolts  5,  5.  In  front  of  each,  tube,  a  handhole  C 
is  placed  to  give  access  to  the  interior  of  the  tubes. 

Where  a  battery  of  several  of  these  boilers  is  used,  an 
additional  steam-drum  is  placed  above  and  at  right  angles 
to  the  drums  A^  A, 

2029.  The  Stlrllns:  boiler,  shown  in  Fig.  CG6,  is  a 
departure  from  the  regular  type  of  water-tube  boilers.  It 
consists  of  a  lower  drum  yl,  connected  with  three  upper 
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drums  B,  B,  B  by  three  sets  of  nearly  vertical  tubes.  These 
upper  drums  are  in  communication  through  the  curved 
tubes  C,  C,  C.  The  curved  forms  of  the  different  sets  of 
tubes  allow  the  different  parts  of  the  boiler  to  expand  and 
contract  freely  without  strain. 

The  boiler  is  enclosed  in  a  brickwork  settings,  as  shown. 


The  setting  is  built  with  various  holes  H,  H,  so  that  the 
interior  may  be  inspected  or  repaired. 

The  boiler  is  suspended  from  a  framework  of  wrought-iron 
girdern,  not  shown  in  the  figure. 

The  bridge  E  is  lined  with  firebrick,  and  is  built  in  con- 
tact with  the  lower  drum  .1  and  the  front  nest  of  vertical 
tubes.     An  arch  D  is  built  above  the  furnace,  and  this,  ia 
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connection  with  the  bafflers  F^  /%  directs  the  course  of  the 
heated  gases,  causing  them  to  pass  up  and  down  through 
the  tubes.     The  arch  and  bafflers  are  made  of  firebrick. 

The  cold  feed-water  enters  the  rear  upper  drum  and 
descends  through  the  rear  nest  of  tubes  to  the  drum  A, 
which  acts  as  a  mud-drum,  and  collects  the  sediment 
brought  in  by  the  water.  A  blow-off  pipe  N  permits  the 
removal  of  the  sediment.  The  steam  collects  in  the  upper 
drums  7?,  B,  To  the  middle  drum  is  attached  the  steam- 
pipe  and  safety-valve  S, 

The  chimney  T  is  located  behind  the  rear  upper  drum. 
Therefore,  the  cold  feed-water  enters  the  coolest  part  of  the 
boiler,  and  the  circulation  of  the  water  is  directly  opposite 
to  that  of  the  escaping  hot  gases. 

The  water-column  L  with  its  fittings  is  placed  in  com- 
munication with  the  front  upper  drum.  All  the  drums  are 
provided  with  large  manholes  g. 

The  boiler  is  made  with  a  cast-iron  front. 

2030.  The  following  advantages  are  claimed  for  the 
Stirling  boiler: 

(1)  The  vertical  position  of  the  tubes  prevents  the  col- 
lection of  sediment,  and  at  the  same  time  encourages  the 
rapid  rise  and  separation  of  the  steam  as  soon  as  it  is 
formed.  (2)  The  boiler  is  very  simple  and  easy  to  con- 
struct ;  there  are  no  flat  surfaces  to  be  stayed,  and  there  is 
little  or  no  machine  work  required  in  its  manufacture. 
(3)  It  is  very  accessible  for  cleaning  or  repairs ;  any  part  of 
the  boiler  may  be  insj>ected  by  removing  the  four  manhole 
plates  g. 

The  various  water-tube  boilers  just  described  are  coming 
into  extensive  use.  The  most  important  points  in  their 
favor  are  their  safety  from  disastrous  explosion  and  their 
economy  in  the  use  of  fuel.  An  objection  sometimes  urged 
against  water-tube  boilers  is  that  they  require  more  atten- 
tion; since  they  usually  have  much  less  cubic  capacity  than 
cylindrical  boilers  of  the  same  power,  the  water-level  must 
be  closely  watched. 
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STRENGTH  OF  BOILERS. 

2031.  Steam-boilers  can  be  designed  and  constructed 
to  safely  generate  and  operate  under  almost  any  desired 
steam  pressure,  however  great  it  may  be.  The  com-mon 
practice  among  engineers,  however,  is  rarely,  if  ever,  to  go 
above  250  pounds  per  square  inch,  and  in  the  majority  of 
plants  throughout  the  country  the  steam  pressure  does  not 
exceed  GO  pounds  per  square  inch. 

2032.  In  approximately  determining  the  safe  working 
pressure  under  which  any  well-designed  boiler  may  be 
operated,  it  is  only  necessary  to  find  the  diameter  of  the 
largest  cylindrical  shell  used  in  its  construction,  and  the 
thickness  of  the  plate  of  which  the  shell  is  made.  Then 
the  safe  working  pressure  may  be  found  by  the  following 
rule: 

Rule. — Multiply  the  thickness  of  the  plate  in  inches  by  the 
const ajit  given  bclou\  and  divide  the  product  by  the  diameter 
of  the  shell  in  inches;  the  quotient  will  be  the  allowable 
gauge  pressure. 

Let/  =  safe  working  pressure; 

/  =  thickness  of  plate  in  inches; 
^/—  diameter  of  shell  in  inches; 
c  =  constant. 

Then,  /--/.  (141.) 

The  following  constants  are  to  be  used  in  formula  141  : 

Wrought-iron  plate,  single-riveted  joint 10,224 

Wrought-iron  i)lat(.%  double-riveted  joint 13,152 

Steel  plate,  sinolt'-rivt'lcd  joint 16,G08 

Steel  plate,  (l()iil)le-rivete(l  joint 20,688 

KxAMPLK.-  If  ii  iLtiirn-lubuhir  boikr  is  made  of  3*^  of  an  inch  thick 
wrouj^ht-iroii   boiU  r  plate,  doiibh^  rivete<i,  and  is  5  feet  in  diameter, 
Avhat  i:>  tht;  gnntc.-t  bteam  pressure  under  which  such  a  boiler  can  be  , 
safely  operated  ? 

SoLi'TioN'. — Ai)plying  formula  141, 

p  .-  -  - '-  -' ."  -'  --  T-  as..")  pounds  per  square  inch,  gauge.     Ans. 
68.5  4-  14.7  i:^  83.2  pounds  per  square  inch  above  a  vacuum. 
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HORSEPOWER  OF  BOILERS. 

2033*  The  liorsepo^wer  of  a  boiler  is  a  measure  of 
its  capacity  for  generating  steam.  Boiler-makers  usually 
rate  the  horsef>ower  of  their  boilers  as  a  certain  fraction  of 
the  heating  surface;  but  this  is  a  very  indefinite  method, 
for  with  the  same  heating  surface,  different  boilers  of  the 
same  type  may,  under  different  circumstances,  generate 
different  quantities  of  steam. 

In  order  to  have  an  accurate  standard  of  boiler-power, 
the  American  Society  of  Mechanical  Engineers  has  adopted 
as  a  standard  horsepower  an  evaporation  of  80  pounds  of 
water  per  hour  from  a  feed-water  temperature  of  100^  F, 
into  steam  at  70  pounds  gauge  pressure^  which  is  considered 
equivalent  to  34.5  units  of  evaporation;  that  is,  to  34.5 
pK)unds  of  water  evaporated  from  a  feed-water  tempera- 
ture of  212°  F.  into  steam  at  the  same  temperature. 

Example. — A  boiler  evaporates  per  hour  1,980  pounds  of  water 
from  a  feed  temi>erature  of  lOO"*  into  steam  at  70  pounds  gauge  pres- 
sure.    What  is  the  horsepower  of  the  boiler  ? 

Solution. — Since,  under  the  given  conditions,  an  evaporation  of 
30  pounds  is  equivalent  to  one  horsepower,  the  number  of  horsepower 
is  1.980-*- 30  =  66.     Ans. 

2034:.  In  the  various  types  of  boilers  there  is  a  nearly 
constant  ratio  between  the  water-heating  surface  and  the 
horsepower,  and  also  between  the  heating  surface  and  the 
grate  area.     These  ratios  are  given  in  the  following  table: 

TABLE    43. 

RATIO  OF  HBATING  8URFACK  TO  HORSEPOWER  AND  OF 
HEATING  SURFACE  TO  GRATE  AREA. 


Type  of  Boiler. 

„  ^.        Heatme:  Surface 

Ratio  —  — =-F — 

Horsepower 

^^^j         Heatinj?  Surface 
Grate  Area 

Plain  Cylindrical 

6  to  10 

12  to     15 

Flue 

8  to  12 
14  to  18 

20  to    25 

Return-Tubular. 

25  to    35 

Vertical 

15  to  20 

25  to    30 

Water-Tube 

10  to  VI 

35  to    40 

Locomotive  .... 

1  to    2 

50  to  100 
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If  the  heating  surface  of  a  boiler  is  known,  the  horse- 
power can  be  found  roughly;  thus,  if  a  return-tubular  boiler 
has  a  heating  surface  of  900  square  feet,  its  horsepower  lies 
between  ^^  =  50  H.  P.  and  Yr^  =  64.3  H.  P.,  say  about 
57  H.  P. 

2035.  The  heating  surface  of  a  boiler  is  the  portion  of 
the  surface  exposed  to  the  action  of  flames  and  hot  gases. 
This  includes,  in  the  case  of  the  multitubular  boiler,  the 
portions  of  the  shell  below  the  line  of  brickwork,  the  exposed 
heads  of  the  shell,  and  the  interior  surface  of  the  tubes.  In 
the  case  of  a  wtiter-tube  boiler,  the  heating  surface  com- 
prises the  portion  of  the  shell  below  the  brickwork,  the  outer 
surface  of  the  headers,  and  outer  surface  of  tubes.  In  any 
given  case,  the  heating  surface  may  be  calculated  by  the  rules 
of  mensuration.  The  following  example  will  show  the  method 
of  calculating  the  heating  surface  of  a  return-tubular  boiler  : 

Example. — A  horizontal  return-tubular  boiler  has  the  following 
dimensions:  Diameter,  60  inches;  length  of  tubes,  12  feet ;  internal 
diameter  of  tubes,  3  inches;  number  of  tubes,  82.  Assume  that  \  of 
the  shell  is  in  contact  with  hot  gases  or  fiame  and  \  of  the  two  heads 
are  heating  surface. 

Solution. — 

Circumference  of  shell    =  60  X  3.1416  =  188.496  =  188.5  in.,  say. 

Length  of  shell  =  12  X  12  =  144  in. 

Heating  surface  of  shell  =  188.5  X  144  X  i  =  18.096  sq.  in. 

Circumference  of  tube     =  3  X  3.1416  =  9.425  in.,  nearly. 

Heating  surface  of  tubes  =  82  X  144  X  9.425  =  111.290.4  sq.  in. 

Area  of  one  head  -  60^  x  .'7854  =  2,827.44  sq.  in. 

Two-thirds  area  of  both 

heads  =  |-  x  2  X  2,827.44  =  3,769.92  sq.  in. 

From  the  heads  must  be  subtracted  twice  the  area  cut  out  by  the 
tubes;  this  is  82  X  3-  X  .7854  X  2  =  1,159.26. 
Total  heating  surface  in  square  feet  = 
18.096  +  111,290.4  +  3,769.92  -  1,159.26 


144 


=  916.64  sq.  ft.     Ans. 


CHIMNEYS. 

2036.     Chimneys  have  two  important  duties  to  perform, 

the  first  beinj^  to  carry  off  the  waste  furnace  gases,  which 

requires  size,  and  llu;  second,  to  ])r()ducc  a  draft  sufficient 

to  insure  the  complete  combustion  of  the  fuel,  which  requires 


K 


§18  STEAM   AND   STEAM-BOILERS.  45 

height.  The  area  of  a  chimney  is  usually  made  from  one- 
seventh  to  one-tenth  as  large  as  the  area  of  the  furnace- 
grates,  or  of  about  the  same  cross-section  as  the  cross-sec- 
tional area  of  the  flues  or  tubes;  wc  have,  therefore,  a  com- 
paratively simple  method  of  determining  one  of  the  required 
dimensions  of  a  chimney,  and,  when  this  is  known,  it  becomes 
an  easy  matter  to  determine  the  height  of  the  chimney  when 
the  horsepower  of  the  boiler  has  been  ascertained. 

The  horsepower  of  a  boiler  being  given  and  the  necessary 
chimney  area  having  been  determined,  the  following  rule 
gives  the  required  height  that  the  chimney  must  be  to  pro- 
duce the  necessary  draft  : 

Rule. — From  3,33  iimcs  the  area  of  the  chimney  in  square 
feet^  subtract  twice  the  square  root  of  the  area  of  the  chimney 
in  square  feet^  and  divide  the  given  horsepower  by  the  re- 
mainder. The  square  of  the  quotient  will  be  the  height  of  the 
chimney  in  feet. 

Let  A  =  area  of  chimney ; 
H  =  horsepower  of  boiler ; 
//  =  height  of  chimney. 

Then,         //  =  ( P^ ^y.  (142.) 

Example. — What  must  be  the  height  of  a  chimney  which  is  to  have 
a  cross-sectional  area  of  7  square  feet,  and  to  supply  the  draft  for  a 
Ul  horsepower  boiler  ? 

Solution. — Using  formula  142, 

h^i :=)  =  (  o-nn — ;; — ts — zt-^ft  )  =  ^^-S  feet     Ans. 

V3.33x7-3tT/       V3.33X  7 -(2x2.65)7 
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^  PLAIN  SLIDE-VALVE  ENGINE. 


GENERAL    DESCRIPTION. 

2037.  The  plain  slide-valve  eng^lne  is  the  most 
simple  of  all  of  the  many  forms  of  steam-engines  now  in  use. 
In  its  construction  and  operation,  however,  all  of  the  funda- 
mental principles  of  this  class  of  machinery  are  involved. 

2038.  In  Fig.  CG7  such  an  engine  is  shown,  and  in  Fig. 
668  is  shown  an  enlarged  section  of  a  steam-cylinder.  Re- 
ferring to  these  figures,  H  is  the  head  end  and  C  the  crank 
end  of  the  steam-cylinder;  B  and  B*  are  the  steam-ports;  D 
is  the  steam-chest;  E  is  the  exhaust-port;  iVand  N'  are  the 
cylinder-heads ;  S  is  the  steam  supply-pipe ;  O  is  the  exhaust- 
pipe,  and  connects  with  the  exhaust-port  E\  G  is  one  of  the 
two  guide-bars  (the  other,  which  is  not  designated,  is  on  the 
opposite  side  of  the  cross-head  ^) ;  R  and  R!  arc  the  shaft- 
bearings,  and  T  is  the  bed  or  frame  of  the  engine.  The 
above  are  all  stationary  parts  of  the  engine,  or  parts  which 
do  not  change  their  relative  positions  when  the  engine  is  in 
motion.  Pis  the  piston;  1  is  the  piston-rod;  2  is  the  cross- 
head;  S  is  the  cross-head  pin;  -^  is  the  connecting-rod;  5  is 
the  crank;  G  is  the  crank-pin;  7  is  the  crank-shaft;  S  is  the 
fly-wheel;  9  is  the  eccentric;  10  is  the  eccentric-strap;  11  is 
the  eccentric-rod;  12  is  the  rocker;  IS  is  the  valve-rod,  or 
stem,  and  F'is  the  slide-valve.  These  are  all  movable  parts 
of  the  engine,  or  parts  which  change  their  relative  positions 
when  the  engine  is  in  motion. 

2039*  The  stroke  of  the  engine  is  equal  to  the  throw  of 
the  crank,  or  to  the  diameter  of  the  circle  described  by  the 
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center  of  the  crank-pin  6,  It  is  also  equal  to  the  cross-head 
or  piston  travel,  or  the  distance  through  which  the  cross- 
head  or  piston  moves,  and  it  determines  the  working  length 
JFof  the  cylinder,  as  shown  in  Fig.  608.  The  bore  of  the 
cylinder  is  J/,  Fig.  6C8.  The  counter-bores  F  and  P  are 
enlargements,  into  which  the  piston  projects  at  the  end  of 
each  stroke.  They  prevent  the  formation  of  shoulders  at 
the  ends  of  the  cylinder  by  insuring  an  equal  wear  of  the 
cylinder  over  its  entire  working  length.  Such  shoulders 
would  cause  a  pounding  of  the  piston  when  the  length  of  the 


Pio.  66& 


connecting-rod  is  increased  by  the  taking  up  of  the  wear  of 
its  joints.  The  clearance  at  one  end  of  the  cylinder  is  the 
volume  that  remains  when  the  piston  has  completed  its 
stroke — it  includes  the  steam-port.  It  is  diminished  at  the 
crank  end  by  the  volume  of  that  portion  of  the  piston-rod 
remaining  within  the  cylinder.  The  volume  of  the  cylinder 
is  equal  to  the  volume  of  the  clearance  at  one  end  plus  the 
volume  swept  through  during  one  stroke  of  the  piston.  It 
is  less  at  the  crank  end  by  an  amount  equal  to  the  volume 
of  that  portion  of  the  piston-rod  remaining  in  the  cylinder 
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Drain-valves  JV  and  JV  are  fitted  in  eacli  end  of  the  cylin- 
der through  which  any  condensed  steam  may  be  discharged. 

The  piston  is  given  a  loose  fit  in  the  cylinder,  and  has 
split  rings  k  and  I''  inserted,  which  spring  out  so  as  to 
press  against  the  wall  of  the  cylinder,  and  prevent  leakage 
of  steam  between  the  wall  of  the  cylinder  and  piston. 
Pistons  are  usually  stipplied  with  a  follower-plate  //,  which 
is  bolted  to  the  head  end  of  the  piston  P,  in  order  to  hold 
these  split  rings  /^  and  /r'  in  place.  The  piston-rod  i  is  a 
perfectly  round,  smooth  bar,  rigidly  connected  to  both  the 
piston  P  and  the  cross-head  X?. 

K  is  a  stuffing-box  in  which  packing  is  placed,  and  is 
fitted  with  a  gland  y,  which,  when  bolted  down,  compresses 
the  packing  around  the  piston-rod  i,  and  makes  a  steam- 
tight  joint.  This  packing  is  usually  made  in  the  form  of 
split  rings,  which  are  so  placed  that  the  split  of  the  first 
ring  is  covered  by  the  solid  part  of  the  next  ring.  When 
repacking,  care  should  be  taken  not  to  cause  unnecessary 
friction  by  too  much  pressure  from  the  gland.  The  cross- 
head  2  is  given  an  easy  sliding  fit  between  the  guide-bars, 
w^hich  are  in  line  with  the  path  of  the  piston-rod,  and  com- 
bine with  the  cross-head  to  relieve  the  piston-rod  of  all 
bending  strains. 

2040.  The  connecting-rod  4  forms  the  connecting-link 
between  the  cross-head  and  crank  o.  The  joint  between 
the  cross-head  ;2  and  connecting-rod  4  is  made  by  the  cross- 
head  pin  /y,  and  that  between  the  connecting-rod  and  crank 
by  the  c-i'ank-pin  (!.  C'onncc^ting-rods  are  usually  made  from 
2  to  :5  times  the  k'nj^th  of  the  stroke,  or  from  4  to  G  times 
the  lcno;t.h  of  the  crank,  or  from  4  to  6  **cranks"  in  length, 
as  it  is  called. 

The  (*i'ank-shaft  7  forms  a  rigid  connection  between  the 
crank  .7,  th<t  eccentric  /',  a!id  the  fly-wheel  <9.  The  power 
dcvf'|()p(..'d  in  the  entj^ine  is,  therefore,  transmitted  through 
th<*  shaft.  When  the  cnLiiiK*  is  running,  all  the  energy 
whieli  has  Ixren  (\\'pen(le(l  in  giviivj^  the  fly-wheel  its  speed 
is  stored  up  in  the  ily- wheel.     This  energy,  from  the  law  of 
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the  conservation  of  energy,  is  utilized  in  assisting  the  steam- 
power  in  overcoming  any  sudden  change  in  the  load  on  the 
engine,  as  well  as  in  carrying  the  crank  over  its  dead-center 
positions.  These  occur  twice  in  every  revolution  of  the 
crank — when  the  piston  reaches  the  end  of  its  stroke,  and 
the  centers  of  the  cross-head  pin  3,  crank-pin  6",  and  crank- 
shaft 7  all  lie  in  the  same  straight  line. 

2(>41<  The  eccentric  0,  which  imparts  motion  to  the 
slide-valve  V,  is  the  exact  equivalent  of  a  crank  having  the 
same  throw.     This  is  clearly  shown  in  Fig.  6C9,  in  which  9 
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is  the  eccentric,  10  is  its  strap,  11  is  the  eccentric-rod,  and 
W  is  a  crank  having  a  throw  T,  equal  to  that  of  the  eccen- 
tric. The  center  of  the  crank-shaft  Q  is  the  center  of 
rotary  motion.  The  dotted  circle  represents  the  path  of  the 
common  center  0  of  the  eccentric  and  crank  fl'.  The  ec- 
centric revolves  freely  in  the  eccentric-strap  /'',  which  is 
rigidly  connected  to  the  eccentric-rod  II.  (See  Figs.  iiOT  and 
669.)  In  practice,  the  diameter  of  the  shaft  generally  ex- 
ceeds the  throw  of  the  cccentrii-.  In  plain  sHdc-valve 
engines  the  eccentric  is  usually  keyed  In  the  shaft  after 
being  properly  adjusted.  The  counection  between  the 
eccentric-rod   11,  Fig.   607,  and  the  valve-rod  or  stem  1$ 
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varies  slightly  in  different  engines  of  this  class.  The 
illustration  exhibits  a  common  form  called  the  rocker 
connection. 

THE   PLAIN   slide-valve. 


ACXION  OF  THB  SLIDE-VALVB. 

2042.  In  the  discussions  which  follow,  it  must  be  re- 
membered  that  the  steam  enters  the  steam-chest  as  it  comes 
from  the  bciler  through  the  'steam-pipe  6'  (Figs.  GG7  and 
CG8),  and  is  called  live  steam  ;  that,  while  it  is  within  the 
cylinder  of  the  engine,  the  heat  stored  in  the  steam  is  the 
active  agent  in  the  accomplishment  of  the  results  there 
obtained,  and  that  all  the  steam  discharged  from  the  cyl- 
inder passes  out  of  the  exhaust-pipe  (9,  Fig.  6G7,  through 
the  exhaust-port  E^  Fig.  GG8.  It  must  also  be  understood 
that  the  motion  of  the  piston  is  imparted  to  the  cranky  and 
that  the  slide-valve  receives  its  motion  from  the  eccentric. 
The  crank  and  the  eccentric  have  the  same  rotary  motion, 
in  consequence  of  the  rigid  shaft  connection  between  them. 
The  angle  between  the  center  lines  of  the  crank  and  the 
eccentric  is  always  a  little  more  than  a  right  angle. 

2043.  In  order  to  show  the  action  of  the  slide-valve,  a 
series  of  skeleton  diagrams,  Figs.  G70  to  G72,  have  been 
drawn. 

These  diagrams  have  been  distorted,  in  order  that  the 
eccentric  radius  might  be  long  enough  to  show  up  well; 
it  is  three  times  as  long  as  it  should  be  for  the  amount  of 
valve  movement  shown  by  the  figure.  The  diameter  of  the 
crank  circle  is  also  a  little  greater  than  the  stroke  of  the 
piston  for  the  same  reason.  In  order  to  show  the  distribu- 
tion of  st(!ani  by  the  valve,  a  diagram  has  been  drawn  above 
and  below  each  cylijuler,  those  above  being  marked  J/,  and 
those  below,  N.  These  diagrams  are  supposed  to  be  drawn 
in  tb.e  following  manner:  Imagine  it  to  be  possible  to  con- 
nect two  small  pipes  to  the  piston,  one  on  each  side.  Sup- 
pc»se  each  i)ipe  has  a  r. team-tight  piston  working  in  it,  the 
lower  side  of  the  pistons  being  subjected  to  the  steam  pres- 
sure in  the  cylinder,  and  the  upper  side  to  the  atmospheric 
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pressure.  Suppose,  further,  that  there  is  a  coiled  spring 
on  top  of  the  piston;  that  a  piston-rod  passes  through 
the  center  of  the  spring,  and  that  a  pencil  is  attached  to 
the  end  of  the  piston-rod.  If  a  pressure  of  10  pounds  is  re- 
quired to  compress  the  spring  1  inch,  it  is  evident  that  for 
every  10  pounds  pressure  in  the  cylinder,  the  pencil  will 
move  upwards  1  inch,  and,  if  it  touched  a  sheet  of  paper, 
would  mark  a  line  on  that  paper.  It  will  now  be  presumed 
that  an  arrangement  like  that  just  described  is  attached  to 
the  steam-engine  piston,  and  that  the  pencil  touches  a  sheet 
of  paper,  which  is  held  stationary.  Then,  when  the  steam- 
piston  moves  ahead,  the  pencil  will  make  straight  lines  at 
heights  corresponding  to  the  steam-pressure  on  the  under 
sides  of  the  little  pistons,  except  when  the  pressure  of  the 
steam  in  cylinder  varies,  in  which  case  the  pencil  will 
move  up  or  down,  according  as  the  pressure  increases  or 
diminishes. 

Having  made  these  suppositions  clear,  let  Q  X,  Figs.  670 
to  672,  represent  the  line  which  the  pencil  would  trace  if 
there  were  a  perfect  vacuum  in  the  cylinder;  i.  e.,  Q  X  is 
the  line  of  zero  pressure,  or  the  vacuum  line ;  also  let  A  B 
represent  the  atmosplierlc  line,  or  the  line  which  the 
pencil  would  trace  if  the  pressure  in  the  cylinder  was  just 
equal  to  that  of  the  atmosphere,  and  Q  Y  the  line  of  no 
volume.  Then,  the  point  Q  represents  no  volume  and  no 
pressure.  Finally,  l^t  1  D  represent  the  volume  of  the 
clearance ;  that  is,  the  space  between  the  piston  and  cylinder- 
head  when  the  piston  is  at  the  end  of  its  stroke. 

2044.  Consider  Fig.  670  {a).  The  piston  is  represented 
as  just  beginning  the  forward  stroke,  and  the  valve  as 
just  commencing  to  open  the  left  steam-port,  both  moving 
in  the  same  direction,  as  shown  by  the  arrows.  If  the  valve 
had  no  outside  lap  (see  Art.  2047),  the  position  of  the 
eccentric  center  would  be  at  r,  but  on  account  of  the  lap, 
the  valve  has  moved  ahead  of  its  central  position  in  order  to 
bring  its  edge  to  the  edge  of  the  port.  To  accomplish  this, 
the  eccentric  center  has  been  moved  from  e  to  /;,  O  b  being 
the  position  of    the  eccentric  radius.     The  angle   b  O  e^ 
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which  the  eccentric  radius  makes  with  the  position  it  would 
Y 


/^J.^ 


N 


Fin.  C70. 


be  in  if  there  were  no  lap  or  lead,    is  called  the  an^le  of 
advance. 
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Assume  that  the  piston  and  valve  have  moved  a  very 
small  distance,  just  sufficient  to  admit  steam  to  fill  the 
clearance-space  on  the  left  of  the  piston,  so  that  the  steam 
acts  on  the  piston  at  full  boiler-pressure.  If  the  length  of 
the  VitigA  1  represents  the  boiler-pressure  (gauge),  the  pencil 
which  registers  the  pressure  on  the  left  side  of  the  piston 
will  be  at  1,  The  steam  on  the  right  side  of  the  piston  is 
flowing  {exhausting)  into  the  atmosphere  through  the  ex- 
haust-port, as  shown  by  the  arrow.  As  the  size  of  the 
exhaust-port  is  limited  by  practical  considerations,  the  ex- 
haust is  not  perfectly  free,  and  there  is  a  slight  pressure  on 
the  exhaust  side  of  the  piston,  in  addition  to  the  atmos- 
pheric pressure.  This  is  termed  back-pressure.  There- 
fore, in  the  diagram  N^  let  1  be  the  position  of  the  second, 
pencil ;  then,  1 B  is  the  back-pressure. 

In  Fig.  C70  (d)  the  piston  has  advanced  far  enough  to  en- 
able the  valve  to  reach  the  end  of  its  stroke  and  open  the  port 
its  full  width.  The  crank  and  eccentric  have  moved  to  the 
positions  O  a  and  O  b.  The  eccentric  radius  is  horizontal, 
and  any  further  movement  of  the  crank  will  cause  the 
eccentric  to  travel  in  the  lower  half  of  its  circle  and  make 
the  valve  move  back.  In  the  diagrams  J/and.Y,  the  pencil 
has  traced  the  lines  IS. 

Fig.  071  ((i)  marks  one  of  the  most  important  points  of 
the  stroke.  Here  the  valve  has  closed  the  steam-port,  i.  e., 
cut  off  the  steam,  and  from  here  to  the  end  of  the  stroke, 
the  steam  in  the  cylinder  expands.  This  point  of  the  stroke 
is  called  the  point  of  cut-off. 

The  exhaust-port  is  now  partially  closed.  The  crank  and 
eccentric  have  moved  to  the  positions  indicated.  During 
this  movement,  the  pencils  have  traced  the  lines  S-5. 

Fig.  671  (V)  shows  another  very  important  valve  position. 
Here  the  inside  edge  of  the  valve  closes  the  exhaust-port, 
and,  from  now  on  to  the  end  of  the  stroke,  the  steam  in 
front  of  the  piston  is  compressed.  This  point  of  the  stroke 
is  called  the  point  of  compression.  In  the  diagrams  M 
and  Ny  the  lines  5-G  are  traced  by  the  pencils.  The  line  5-6 
on  the  diagram  J/ is  an  expansion  line,  the  pressure  falling 
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'  as  the  piston  moves  ahead.     This  period   during  which  the 
pressure  falls  is  called  the  period  of  expansion. 
IMA *« 


In  Fig.   C7'3  {n)  the  pistun  hiis  advanced  far  enough  to 
cause  the  left  inside;  <'dg<;  of  the  valve  to  be  in  line  with  the 
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inside  edge  of  the  left  port.     The  slightest  movement  of 
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the  valve  to  the  left  will  open  the  left  port  to  exhaust. 
This  point  of  the  stroke  is  called   the  point   of  release 
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Expansion  really  ends  here,  although,  on  account  of  the  lim- 
itation in  the  size  of  the  ports,  there  will  still  be  a  slight 
further  expansion,  owing  to  the  inability  of.  the  steam  to 
escape  instantly.  During  this  last  movement  of  the  piston, 
the  pencils  trace  the  lines  G-7  on  the  diagrams  J/  and  ^V. 
On  the  diagram  J/,  the  line  0-7  is  a  continuation  of  the  cx- 
pan:uon  line  5-6\  while  in  the  diagram  JV  it  shows  part  of 
the  compression  line,  the  pressure  rapidly  increasing  as  the 
piston  nears  the  end  of  the  stroke. 

In  Fig,  072  (/>>)  the  piston  has  reached  the  end  of  its  for- 
ward stroke,  and  is  about  to  begin  the  return  stroke.  The 
right  outside  edge  of  the  valve  is  in  line  with  the  outside 
edge  of  the  right  port.  /The  steam  is  exhausting  from  the 
head  end  of  the  cylinder,  as  shown  by  the  arrows.  The 
crank  and  eccentric  are  both  diametrically  opposite  their 
positions  in  Fig.  G70  (a).  In  the  diagrams  JIf  and  iV^,  the 
pencils  have  traced  the  lines  7^^.  M  shows  that  the  pres- 
sure has  fallen  very  rapidly  from  7  to  <*?,  while  in  -lV  it  has 
risen  from  7  to  S.  The  very  slightest  movement  of  the 
piston  to  the  left  will  admit  steam  to  the  crank  end  of 
the  cylinder  and  cause  the  pencil  to  rise  to  the  point  1\ 

During  the  return  stroke,  the  al)ove-described  actions  of 
the  steam  will  be  rep(\'iled,  the  pencils  tracing  the  dotted 
lines  on  the  diagrams  J/  and  .A^  in  Fig.  072  (/;),  the  exhaust 
going  llirough  the  left  port  and  the  steam  through  the  right 
])ort.  As  the  process  is  so  nearly  like  the  preceding,  the 
diagrams  have  not  been  drawn,  but  the  student  should 
folhiw  the  valve  through  the  different  positions,  and  note 
the  elTeets  on  the  diagrams.  To  assist  him  in  this,  the  cor- 
responding points  have  been  numbered  as  in  the  foregoing 
figures. 

2045.  I.ciid. — A  valve  is  said  to  have  lead  when  it 
commences  to  oi)en  the  steam-port  just  before  the  piston 
reaches  the  end  of  the  stroki\  The  amount  of  lead  is  meas- 
ured by  the  distance  between  tin;  edge  of  the  valve  and  the 
edge  of  the  j)ort  from  which  the  valve  is  traveling.  In  Fig. 
07'^,  the  lead  is  the  distame  ^7 /^  ^b)St  engineers  give  their 
valves  lead  in  order  to  have  the  clearance-space  filled  with 
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steam  at  boiler-pressure  when  the  piston  begins  its  stroke. 
The  effect  of  lead  on  the  angular  advance  of  the  eccentric 


it  increases 


is  evidently  the  same  as 
the  angular  advance, 

2040.  In  Fig.  C74  is  shown  a  sectional  view  of  a  plain 
slide-valve  with  its  center  n  in  line  with  the  center  m  of  the 
exhaust-port   E.      The   valve   takes   this    position    during 
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the  interval  between  the  point  of  release  of  the  steam 
from  the  head  end  of  the  rylindcr,  and  the  point  of  com- 
pression of  the  steam  in  the  crank  end  of  the  cylinder, 
during  the  forward  stroke  of  the  piston,  and  conversely  for 
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the  backward  stroke.  S  T  is  the  valve-seat.  The  flange 
face  a  b  or  cdis  the  lip  of  the  valve.  The  portion  e  of  the 
flange  face  is  the  outside  or  steam  lap  of  the  valve,  while 
portion  y  is  the  inside  lap. 

2047.  Effects  of  Lap.— The  study  of  Figs.  670  to 
672  should  show  the  effects  caused  by  varying  the  lap. 
Thus,  in  Fig.  671  (^),  it  is  evident  that  if  the  outside  lap  had 
been  less,  the  valve  would  not  close  the  left  port  when  its 
center  was  in  the  position  shown;  consequently,  the  piston 
must  move  farther  ahead  before  the  valve  can  move  back 
far  enough  to  close  the  port.  This,  of  course,  makes  the 
cut-off  take  place  later  in  the  stroke,  and  shortens  the 
expansion.  It  is  likewise  evident  that  if  the  valve  had  more 
lap,  this  extra  lap  would  extend  beyond  the  port  when  the 
center  of  the  valve  was  in  the  position  shown.  Therefore, 
the  valve  would  cut  off  earlier  in  the  stroke,  and  the  expan- 
sion would  be  lengthened.  Hence,  increasing  the  outside  lap 
means  an  earlier  cut-off  and  an  increased  expansion^  while 
decreasing  the  outside  lap  means  a  later  cut-off  and  a  dimin- 
ished expansion. 

Considering  the  inside  lap,  it  is  evident  from  Fig.  671  {!)) 
that,  if  the  inside  lap  had  been  les->,  the  exhaust-port  would 
not  have  closed  so  soon,  and,  consequently,  the  compression 
would  have  begun  later ;  had  the  inside  lap  been  greater,  the 
compression  would  have  begun  earlier.  Fig.  G72  (ci)  shows 
that,  with  a  diminished  inside  lap,  the  exhaust  (usually 
termed  release)  would  begin  earlier,  while  with  an  increased 
inside  lap,  the  release  would  have  taken  place  later  in  the 
stroke.  Hence,  increasing  the  inside  lap  increases  compres- 
sion and  delays  the  release^  li'liile  diminishing  the  inside  lap 
decreases  compression  and  hastens  release. 


TO  SET  THE   PLAIN   SI.I1>E-VALVE  AXO    AnJVST    THE 

ECCENTRIC. 

2048.  In  order  to  set  the  valve,  we  must  first  bring  the 
crank  to  either  its  Iiead  or  crank  dead-center  position. 
These  occur  respectively  as  the  piston  completes  its  back- 
ward and  its  forward  strokes,  when  the  centers  of  the  cross- 
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head  pin,  crank-pin,  and  crank-shaft  all  lie  in  the  same 
straight  line. 

2049.  To  Find  tlie  Dead  Centers. — Make  a  fine, 
clear  mark  on  the  cross-head,  then,  while  an  assistant  rotates 
the  fly-wheel  in  the  direction  opposite  to  that  irt  which  the 
engine  is  to  run^  or  backwards,  follow  the  mark  on  the  cross- 
head  with  a  sharp  instrument  until  it  reaches  successively 
the  two  extreme  points  of  its  travel,  and  at  these  points 
make  marks  on  the  guide-bar  opposite  the  cross-head  mark. 

After  this  has  been  done  for  both  head  and  crank  positions 
of  the  cross-head,  the  engine  should  again  be  rotated  back* 
wards  very  slowly,  and  the  accuracy  of  the  guide-bar  marks 
tested.  We  now  have  the  dead-center  points,  since  the 
centers  of  the  cross-head  pin,  crank-pin,  and  crank-shaft 
will  lie  in  the  same  straight  line  whenever  the  cross-head 
mark  comes  opposite  either  one  of  the  guide-bar  marks. 

2050.  To  Set  thie  Slide- Valve. — Remove  the  steam- 
chest  cover  by  loosening  the  nuts  with  which  it  is  screwed 
down,  as  shown  in  Fig.  GG8.  Then  revolve  the  crank /l^r- 
wards^  or  /;/  the  direction  in  which  it  is  to  run^  until  the  cross- 
head  mark  coincides  with  the  head  guide-bar  mark.  Then 
if  the  eccentric-rod  is  directly  connected  to  the  valve-stem, 
that  is,  if  the  direction  of  motion  of  both  the  eccentric-rod 
and  valve-stem  is  always  the  same,  place  the  eccentric  on 
the  shaft  a  little  more  than  a  right  2ing\Q  ahead ov  in  advance 
of  the  crank.  But  if  the  eccentric-rod  is  cross-connected 
to  the  valve-stem,  that  is,  if  its  direction  of  motion  is 
always  directly  opposite  to  the  motion  of  the  valve-stem, 
place  the  eccentric  on  the  shaft  a  little  more  than  a  right 
angle  behind  or  following  the  crank.  Continue  in  either 
case  to  increase  the  angle  between  the  eccentric  and  crank 
by  turning  the  eccentric  on  the  shaft,  till  the  point  a  of  the 
valve.  Fig.  674,  coincides  with  the  point  /.  Then  rotate 
the  engino  forwards  till  the  cross-head  mark  coincides  with 
the  crank  guide-bar  mark,  and  see  if  d^  Fig.  G74,  coincides 
with/ of  the  right-hand  port.  If  ?o,  the  valve  is  set  cor- 
rectly, but  if  d  has  passed  /,  the  valve-stem  13^  Fig.  667, 
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must  be  removed  and  shortened  an  amount  equal  to  one 
half  the  distance  between  /  and  d\  and  if  d  does  not  com 
up  to  /,  that  is,  if  the  right-hand  port  remains  open,  ll 
valve-stem  must  be  lengthened  an  amount  equal  to  one-ha 
the  distance  between  ^/and/.  The  valve-stcm  now  havii 
the  proper  length,  rotate  the  fly-wheel  forwards  till  the  cros 
head  mark  again  coincides  with  the  head  guide-bar  mar 
replace  the  valve-stem,  and  turn  the  eccentric  on  the  sha 
until  the  distance  between/  and  a  is  equal  to  the  desin 
lead,  and  firmly  secure  the  eccentric  to  the  shaft.  Repla^ 
the  steam-chest  cover,  as  the  slide-valve  is  set. 

The  lead  usually  given  to  a  plain  slide-valve  is  about 
of  an  inch  for  quiet  running,  but  at  any  time  it  may  be  i 
creased  or   diminished    without   opening   the    steam-chei 
simply  by  turning  the  eccentric  very  slightly  foi  wards 
backwards. 

2051.  Slide-valve  engines  are  made  to  cut  off  at  diffe 
ent  points  in  the  stroke,  according  to  the  conditions  und 
whi(  h  they  are  to  be  operated.  That  is,  the  ])oint  of  cii 
oil  .?,  Fig.  081,  may  be  made  to  occur  earlier  or  later 
the  stroke  tlian  tlie  figure  represents.  The  i)oint  of  cut-c 
is  expressed  in  the  form  of  a  ratio,  or  coefficient.  Thus, 
Fig.  ()8l  the  length  of  the  stroke  is  represented  by  tl 
length  of  the  line  .  /  /f,  which  is  equal  to  the  length  of  tl 
diagram,  and  for  a  stroke  of  42  inches,  this  line  may  be  div 
(led  into  4*2  ecpial  divisions,  making  the  length  of  eac 
division  represent  one  inch.  Then,  by  producing  the  lir 
!-U>,  we  see  that  tlie  steam  is  cut  olT  when  the  piston  h: 
traveled  '28  inches,  or  \\  —  !|  of  its  stroke. 

2()52.  The  ratio  of  expansion  is  the  number  < 
times  th<'  volume  of  llie  live  steam  in  the  cylinder  at  tl" 
instant  of  eiil-otY  is  increased  during  the  period  of  expansiof 
It  is  determined  ])\-  dividing  llu*  length  of  the  stroke  li 
tlie  distaiu^'  llir«'ii^h  wliirh  the  ])iston  has  moved  whc 
eiit-<'lT  <MMMns.  In  the'  en^c  \\\<\  given,  the  strokt* 
.'>r>  iiicln-^^;  cut -off  ocrur^  at  '.M  inelies.  The  ratio  of  cx[)ai 
sion  is  then  V\    ---  \  ---  11,  that  is,  tlu*  steam  expands   to  or 
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and  a  half  times  its  volume  at  the  point  of  cut-off,  cr  its 
volume  is  increased  by  the  expansion  in  the  cylinder  an 
amount  equal  to  one-half  of  what  it  was  at  cut-off. 

In  practice,  the  point  of  cut-off  can  be  obtained  directly 
from  the  engine.  Measure  the  distance  between  the  dead- 
center  points  as  marked  on  the  guide-bars;  this  will  be  the 
length  of  the  stroke.  Take  off  the  steam -chest  cover,  and 
with  the  piston  at  the  head  end  of  the  C3'^linder,  slowly  ro- 
tate the  engine  forwards  until  the  head  edge  of  the  slide- 
valve  coincides  with  the  head  edge  of  the  steam-port.  Then 
roeasure  the  distance  between  the  head  dead-center  guide- 
W  mark  and  the  mark  on  the  cross-head ;  divide  this  latter 
Quantity  by  the  one  first  taken,  and  the  result  will  be  the 
^ut-off  required,  in  a  fraction  of  the  stroke.  Plain  slide- 
^ves  usually  cut  off  between  -J  and  full  stroke. 


CORLISS   VALVE-GBAR. 

2053.  As  has  been  stated  before,  the  plain  slide-valve 
Ivolves  all  the  principles  made  use  of  in  any  of  the  more 
omplicated  forms  of  valve-gear  at  present  in  use.  The 
Wliss  valve-gear  is,  however,  being  so  extensively  em- 
loyed  in  different  kinds  of  machinery,  that  a  short  descrip- 
on  of  its  working  parts  and  principles  is  here  given. 
In  Fig.  675  is  shown  a  side  elevation  of  this  valve-gear, 
id  in  Fig.  C7G  a  section  through  the  cylinder  and  valves. 
It  has  four  separate  and  distinct  valves.  Two  of  these, 
and  x/.  Fig.  67G,  connect  directly  with  the  steam-chest  d 
id  steam-pipe  j,  and  are  called  steam-valves.  They  are 
gidly  connected  with  the  cranks  N  and  N\  Fig.  G75,  N' 
sing  removed  in  order  to  show  more  clearly  the  disengaging 
Qk  /'.  The  other  two  valves,  r  and  r\  Fig.  G7G,  connect 
Irectly  with  the  exhaust-chest  /and  the  exhaust-pipe  o^  and 
:c  called  exhaust-valves;  they  are  rigidly  connected  with 
10  cranks  M  and  M\  Fig.  G75.  All  the  valves  are  cylin- 
rical  in  form,  and  extend  across  the  cylinder  above  and 
elow,  respectively. 

A^  Fig.  675,  is  a  disk  or  wrist-plate,  which  is  made  to  rock 
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upon  a  stud  C,  by  the  eccentric-rod  B,  connecting  it  wi^  aa 
eccentric  on  the  crank-shaft. 

There  are  four  valve-stems  :  Ji  and  £',  which  connect  the 
wrist-plate  A  with  the  bell-cranks  //and  //'  of  the  steam- 
valves,  and  ^  and /^',  which  connect  the  wrist -platen!  with  the 
cranks  M  and  M'  of  the  exhaust-valves.  The  valve-stems 
can  be  lengthened  or  shortened  as  the  case  may  require,  and 
the  action  of  any  one  valve  may  be  regulated  independently 
of  the  other  three.     As  the  wrist-plate  A  rocks  backwards  and 


forwards,  the  exhaust- valves  H  and  A",  which  are  rigidly  con- 
nccted  with  ihoir  cranks  jl/and  .W,  rock  with  it.  The  bell- 
craiiks  //and  //',  which  are  provided  with  the  disengaging 
links  shown  at  /  and  /',  are  also  given  this  rocking  motion, 
and  by  hooking  on  to  the  blocks  />'  and  B',  which  are  rigidly 
connected  to  the  cranks  jVand  A'',  open  the  steam-valves  V 
and  y. 

The  projections  n  and  a'  on  the  two  trip  collars  G  and  C 
unhook  these  disengaging  links  /  and  /',  after  they  have 
rotalcd  the  valves  /'  and  ["  through  a  certain  angle,  and 
the  cranks  .V  and  A'' are  pulled  back  to  their  first  positions 
by  the  vacuum-air  dash-pots  /'and  /',  against  the  resistance 
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of  which  the  valve-cranks  iVand  N'  were  raised.  The  move- 
ments of  the  valves  open  and  close  the  steam  and  exhaust 
ports  of  the  cylinder  at  the  proper  intervals.  The  pins  of 
the  valve-stems  are  so  located  on  the  wrist-plate  that  the 
steam-valves  V  and  l^  have  their  quickest  movement  while 
the  exhaust-valves  R  and  R'  have  their  slowest  movement, 
and  the  exhaust-valves  have  their  quickest  movement  while 
the  steam-valves  have  their  slowest  movement.  As  a  con- 
sequence of  this  arrangement,  the  steam  and  exhaust  valves 
have  entirely  independent  movements,  and  the  inlet-ports 
may  be  suddenly  opened  full  width  by  the  quick  movement 
of  the  steam-valves,  while  the  exhaust-valves  are  practically 
motionless.  The  advantage  of  this  valve-gear  is  that  it  per- 
mits an  earlier  cut-off,  with  a  greater  range  and  a  more 
perfect  steam  distribution,  than  is  attained  with  the  plain 
slide-valve. 

Engines  fitted  with  the  Corliss  valve-gear  can  not  run  at 
much  more  than  90  revolutions  per  minute. 


INDICATORS  AND  INDICATOR-CARDS. 


DESCRIPTION  OF  THEJ  INDICATOR. 

2054.  In  Fig.  681  and  082  are  given  diagrams  {1-2S- 
JirSS)  in  which  vertical  distances  represent  pounds  pressure 
per  square  inch,  and  horizontal  distances  the  position  of  the 
piston  in  its  stroke.  Such  a  diagram  is  called  an  indicator- 
dlasram.  Indicator-diagrams  are  obtained  by  making  use 
of  an  instrument  called  an  indicator.  Fig.  677,  which  is 
fitted  to  the  steam-engine  cylinder,  as  shown  in  Fig.  679. 
Holes  are  drilled  into  the  clearance-spaces  (;f  the  steam- 
cylinder  (see  //and  C\  Fig.  679),  and  connected  with  a  pipe 
(7,  having  a  three-way  cock  Q  in  the  middle.  The  indicator 
is  securely  fitted  to  the  arm  Foi  the  three-way  cock  by  in- 
serting the  projection  s  (see  Fig.  678)  in  the  end  of  the  arm, 
and  tightening  up  by  the  nut  r. 

It  is  the  office  of  the  three-way  cock  to  check  the  passage 
of  the  steam  when  the  indicator  is  not  in  use,  but  it  can  be 
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SO  turned  as  to  give  a  free  passage  of  steam  through  H  anA. 
F,  while  closing  it  through  C,  or  to  give  a  free  passage 
through  C  and  F,  while  closing  it  through  //,  Referring 
now  to  Fig.  678,  which  is  a  sectional  view  of  the  indicator, 
a  isthe  cylinder  of  the  indicator  in  which  the  piston^ slides. 
The  spring  (/resists  any  upward  motion  of  the  piston^,  but 
when  such  a  motion  is  given  to  the  piston,  it  is  transmitted 
through  the  piston-rod  e  and  the  link  i  to  the  point  ,t'of  the 
lever  n  kp.     These  parts  are  so  adjusted  that,  as  the  lever 


FIO.  K1. 

swings  about  «  as  a  center,  a  pencil-lead  at/,  the  extremity 

of  the  arm  «/•/,  will  mark  a  straight  vertical  line  on  the  drum 
/.  If,  now,  we  open  the  pipe-connection  H  Q  F,  Fig.  GJO, 
to  a  free  passage  of  steam  from  the  steam -cylinder  to  the 
indicator  (the  passage  Q  C  being  closed  by  the  cock  at  Q), 
it  is  evident  that  as  the  steam -pressure  in  the  steam-cylinder 
varies  during  a  stroke  of  the  engine-piston,  the  movement 
of  the  indicator-piston  g.  Fig.  CTft,  will  be  effected  by  the 
changing  stcam-prcssurc,  anti  since  the  spring  d  o(  the  indi- 
cator is  so  made  that  it  will   require  a  definite  number  of 
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pounds  pressure  per  square  inch  on  the  piston  g  to  compress 
it  suiEciently  to  move  the  pencil-lead  at  /  vertically  one 
inch  on  the  drum_/,  therefore  the  pencil-lead  at/  will  mark 
on  the  drum/  vertical  lines  proportional  to  the  pressure  be- 
hind the  piston,  during  the  various  points  of  its  stroke.  If 
we  now  close  the  passage  //  Q  to  steam  and  open  the  passage 
C  QFf  by  turning  the  cock  at  Q,  the  pencil  will  in  this  case 


have  a  vertical  movement  proportional  to  the  steam-pressure 
behind  the  piston  in  the  crank  end  of  the  steam-cylinder. 

2055.  The  scale  of  an  indicator-spring  is  the  number 
of  pounds  pressure  per  square  inch  on  the  indicator-piston 
necessary  to  give  the  pencil-lead  a  movement  through  a 
vertical  distance  of  one  inch,  and  it  should  not  be  less  than 
^  the  boiler -pressure  under  which  the  engine  is  operated. 

The  spindle  /,  Fig.  678,  is  firmly  fixed  to  the  bar  h,  and  is 
also  connected  to  the  drum  fh-j  means  of  the  spring^.  If, 
now,  the  cord  t,  which  is  wound  on  the  drum,  is  pulled,  the 
drum  /  will  rotate  against  the  action  of  the  spring,  but  it 
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will,  in  turn,  be  rotated  back  to  its  first  position  by  the  spring 
when  the  pull  on  the  cord  l  is  discontinued. 

From  this  it  is  evident  that,  if  we  pull  and  release  the 


string  by  a  forward  and  backward  motion  of  the  hand,  a 

corresponding  rntary  muti'iii  will  be  given  to  the  drum. 
When  the  indicatnr  is  in  use,  such  a  motion  is  thus  given  by 
means  uf   the  lever   ['  V  J  I' and  the  pulley  Z,   Fig.   679. 
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This  arrangement  is  termed  a  reducing:  motion,  because 
it  enables  us  to  take  an  indicator-card  which  will  be  less  in 
length  than  the  stroke  of  the  engine.  The  lever  is  held  in 
position  at  the  ceiling  by  a  pin  i/,  and  its  lower  end,  which 
is  slotted,  is  made  to  follow  the  motion  of  the  cross-head  by 
means  of  the  pin  W,  clearly  shown  in  the  figure.  The  pin  U 
should  be  directly  over  the  pin  IV  when  the  cross-head  is  in 
the  center  of  its  stroke.  The  effective  length  of  the  lever 
U  V  W  is  the  distance  U  W  taken  when  the  cross-head  is 
in  the  center  of  its  stroke. 

2056.  To  determine  at  what  point  the  cord  of  the  in- 
dicator-drum is  to  be  fastened  to  the  lever,  in  order  to  give 
the  drum  a  rotary  movement  through  a  distance  equal  to 
the  length  of  the  indicator-card,  when  the  effective  length 
of  the  lever,  the  length  of  the  stroke  of  the  jpiston,  and  the 
length  of  the  card  are  given : 

Rule. — Multiply  the  effective  length  of  the  lever  in  i^ichcs 
by  the  length  of  the  card  iii  inches^  mid  divide  this  product 
by  the  length  of  the  stroke  in  inches ;  the  quotient  is  the  dis- 
tance in  inches  below  the  center  of  the  pin  U  at  zuhich  the 
card  is  to  be  attached  to  the  lever. 

Example. — For  the  engine  shown  in  Fig.  679,  the  stroke  is  36 
inches;  the  effective  length  of  the  lever  is  73  inches,  and  the  length  of 
card  desired  is  3.5  inches;  what  is  the  distance  of  the  point  on  the 
lever  below  the  center  of   the  fulcrum,  at  which  the  cord  is  to  be 

attached  ? 

_  72x8.5      _.         . 

Solution. —    — ^^ —  =  7  in.    Ans. 

If,  when  the  crank  is  on  the  head  dead-center,  we  pass  the 
cord  over  the  pulley  Z^  Fig.  679,  and  fasten  it  at  V^  after 
drawing  it  just  tight  enough  to  rotate  the  drum  through 
about  half  an  inch,  it  is  evident  that  when  the  engine  is 
running,  the  drum  will  be  given  a  rotary  motion,  backwards 
and  forwards,  corresponding  to  the  stroke  of  the  engine. 
The  cord  should  only  be  fastened  to  the  reducing  motion 
during  the  time  in  which  a  card  is  being  taken.  It  must 
also  be  remembered  that  the  length  of  the  indicator-diagram 
has  nothing  whatever  to  do  with  the  results  obtained  from 
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it,  but  is  made  less  than  the  stroke  because  the  drum  will 
not  rotate  so  great  a  distance. 


DIRECTIONS    FOR    TAKING    INDICATOR- 
DIAGRAMS. 

2057.  Having  everything  arranged  as  explained,  and 
the  engine  running  under  its  usual  load,  take  a  piece  of 
paper  about  seven  inches  long  Jind  three  and  one-half  inches 
wide,  and  fasten  it  around  the  drum  by  passing  the  ends 
under  the  card-holders  ;;/,  Fig.  677.  Now,  connect  the  cord 
/  to  the  reducing  motion,  and  let  the  pencil-lead  at  /  press 
lightly  against  the  drum  as  it  rotates.  A  straight  line  will 
be  made  on  the  paper.     This  is  the  atmospheric  line  A  Z, 


Fig.  680. 

Fig.  681.  Next,  turn  the  cock  at  Q  so  as  to  admit  steam  to 
the  indicator  from  //,  Fig.  679,  the  head  end  of  the  cylinder, 
and  the  pencil-lead  will  move  up  and  down  as  the  piston  of 
the  engine  goes  forwards  and  back. 

Turn  the  cock  again  and  admit  steam  to  the  indicator 
from  the  crank  end  of  the  steam-cylinder,  and  the  pencil- 
lead  will  again  move  up  and  down,  having  in  each  case 
drawn  such  a  figure  on  the  paper  as  is  shown  in  Fig.  677 
on  the  drum.  In  Fig.  680  are  shown  the  head  and  crank 
cards,  //  and  C,  as  they  were  drawn  by  the  pencil  during 
the  two  strokes  of  the  piston. 

Before  removing  the  indicator-card  from  the  drum,  shut 
off  the  steam  and  disconnect  the  drum-cord  from  the  redu- 
cing motion. 
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2058.  In  Fig.  680,  //  is  the  diagram  from  the  head 
end  of  the  steam-cylinder,  and  C  is  the  diagram  from  the 
crank  end. 

If  desired,  these  may  be  taken  on  separate  pieces  of  paper, 
as  shown  in  Figs.  681  and  QSi.     The  actual  diagrams  shown 
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in  Fig.  680  are  not  so  regular  as  the  theoretical  ones  in 
Fig.  672  (i).  The  different  points  of  the  stroke  are,  however, 
quite  clearly  defined. 
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Thus:  1  is  the  beginning  of  the  stroke. 
Jp  is  the  point  of  cut-off. 
S  is  the  point  of  release, 
.f  is  the  end  of  the  stroke. 
B  is  the  point  of  compression, 
ff  is  the  point  of  admission. 
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6-1  is  the  admission  line. 
1-2  is  the  steam  line. 
2S  is  the  expansion  curve. 
S-Jf^-d  is  the  period  of  release. 
Jf-5  is  the  back-pressure  line. 
5-6  is  the  compression  curve. 
A  Z  IS  the  atmospheric  line. 

2059.  To  determine  from  an  indicator-card,  taken 
from  the  cylinder  of  an  engine,  at  what  p)oint  in  the  stroke 
of  the  engine  cut-off  occurs: 

Rule. — Measure  along  the  atmospheric  line  the  distance  in 
inches  between  the  extreme  projections  of  the  card.  Measure 
also  the  distance  in  inches  between  the  projections  of  the  points 
of  admission  and  cut-off  on  the  atmospheric  line^  and  divide 
the  latter  quantity  by  the  former. 

Example. — In  Fig.  681,  the  distance  between  A  and  Z  is  8.5  inches. 
The  distance  between  A  and  10  is  2.83  inches;   when  did  the  valve 

cut  off  ? 

2  83 
Solution. —    -^j-— =  .666  =  |;    therefore,   the  cut-off  occurs  at  } 

Stroke.    Ans. 

INDICATED  HORSEPOWER. 

2060.  The  liorsepoiiver  developed  by  the  engine  may 
be  found  directly  from  the  area  of  the  indicator-diagram. 
It  is  more  convenient,  however,  to  use  the  diagram  to  find 
the  **mean  effective  pressure  "  exerted  on  the  piston. 

2061  •     The  mean  effective  pressure,  or  M.  E.  P., 

is  defined  as  the  average  net  pressure  urging  the  piston  for- 
wards during  its  entire  stroke  in  one  direction.  The  mean 
effective  pressure  may  be  found  in  two  ways: 

2062*  The  area  of  the  diagram  in  square  inches  may 
be  found  by  an  instrument  called  the  planimeter ;  the  M,E.P, 
is  then  found  by  dividin<^  the  area  of  the  diagram  in  square 
inches  by  the  lengtJi  of  the  diagram  in  inches^  and  multiply* 
ing  by  the  scale  of  the  spring. 


K 
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Example. — The  area  of  the  diagram  is  4.2  sq.  in.,  and  the  length  is 
S.5  in. ;  a  40  spring  being  used,  find  the  M.  E.  P. 

4.2 
Solution. —    -^-=  x  40  =  48  lb.  per  sq.  in.,  M.  E.  P.     Ans. 

«5.D 

)2063.  Where  a  planimeter  is  not  available,  the  follow- 
ing method  of  finding  the  M.  E.  P.  is  fairly  rapid  and  accurate : 

Draw  tangents  to  each  end  of  the  diagram  perpendicular  to 
the  atmospheric  line.  Divide  the  horizontal  distance  between 
the  tangents  into  10  or  more  equal  parts,  {10  or  20  parts 
are  the  most  convenient^  but  any  other  number  may  be  used,) 
Indicate  by  a  dot  on  the  diagram  the  center  of  each  division^  and 
draw  lines  through  these  dots^  parallel  to  the  tangent s^  from 
the  upper  line  to  the  lower  line  of  the  diagram.  On  a  strip 
of  paper  mark  off  successively  the  lengths  of  these  lines ^  the 
total  length  thus  representing  the  sum  of  all  the  lines.  Di- 
vide this  total  length  by  the  number  of  lines  used^  and  multiply 
the  quotient  by  the  scale  of  the  spring.  The  result  will  be  the 
M.  E,  P. 

Example.— »-The  projection  of  the  diagram  shown  in  Fig.  682  upon 

the  atmospheric  line  is  A  Z\  that  is,  lines  perpendicular  to  this  line, 

drawn  through  the  extreme  ends  1  and  4  of  the  diagram,  cut  it  (the 

atmospheric  line)  in  A  and  Z,     A  Z  is  divided,  in  this  case,  into  14 

equal  spaces.     The  length  of  each  of   the  'perpendicular  lines  drawn 

through  the  diagram  opposite  the  centers  of  these  spaces  is  marked 

on   the   line   itself,   and   the  sum  of    these  lengths  is   18.11   inches. 

The  scale  of  the  spring  used  in  obtaining  the  diagram  was  40  pounds; 

18  11 
therefore,      '      X  40  =  51.74  pounds  per  square  inch  =  the  M.  E.  P.  of 

the  bottom-end  diagram. 

Example. — The  projection    of    the    diagram,   Fig.  681,   upon  the 

atmospheric  line  is  the  distance  A  Z,  and  it  is  divided,  in  this  case, 

into  14  equal  spaces.     The  length  of  each  of  the  perpendicular  lines 

drawn  through  the  diagram  opposite  the  centers  of   these  spaces  is 

marked  on  the  line  itself,  and  the  sum  of  these  lengths  is  17.78  inches. 

17  78 
The  scale  of  f  he  spring  is  40  pounds ;  therefore,      '      X  40  =  50.8  pounds 

per  square  inch  =  the  M.  E.  P.  of  the  top)-end  diagram. 

Therefore,  the  M.  E.  P.  in  the  cylinder  during  a  complete  revolution 

^    ^             -    .    51.74-4-50.8      r,.  ^„  ^  .     u 

of  the  crank  is ^ =  51.27  pounds  per  square  mch. 
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2064.  The  reason  for  dividing  the  diagram  into  10  parts 

instead  of  some  other  number  is  that  it  shortens  the  work 

of  calculation.     Thus,  in  the  two  examples  just  given,  if  the 

number  of  divisions  had  been  10  instead  of  14,  and  the  sum 

of  the  ordinates  had  been  12.94  inches,  the  mean  ordinate 

12.94 
would  have  been —^— =  1.294  inches,  and  the  M.   E.  P., 

1.294  X  40  =  51.76  lb.  per  sq.  in.  All  that  is  necessary  is 
to  add  the  ordrnates  and  shift  the  decimal  point  one  place 
to  the  left  to  obtain  the  mean  ordinate  when  the  diagram  is 
divided  into  10  equal  parts.  This  method  saves  the  time 
required  to  divide  by  some  inconvenient  nuniber,  such  as  14. 

2065.  In  Figs.  681  and  682,  the  vertical  line  a  b  repre- 
sents the  boiler-pressure,  and,  therefore,  the  dotted  line  b  c 
is  the  line  that  the  indicator-pencil  would  trace  if  the  full 
boiler-pressure  were  maintained  until  point  of  cut-off.  The 
line  ^  ^  is  not  drawn  by  the  indicator  as  ordinarily  used ;  it 
has  been  added  for  sake  of  illustration. 

2066.  We  have  now  all  the  material  required  for  find- 
ing  the  work  done  in  the  engine-cylinder  expressed  in 
horsepower  units. 

Work  is  the  product  of  force  into  the  distance  through 
which  it  moves.  In  the  case  of  the  engine-cylinder,  the 
total  force  is  the  M.  E.  P.  per  square  inch  multiplied  by  the 
area  of  the  piston ;  and  the  distance  moved  through  in  one 
minute  is  the  number  of  strokes  per  minute  multiplied  by 
the  length  of  the  stroke. 

2067.  Rule. —  To  find  the  indicated  horsepower  devel- 
oped by  the  engine^  multiply  together  the  M.  R.  P.  per  square 
tJieh^  the  area  of  the  piston^  the  length  of  stroke^  and  the 
number  of  strokes  per  minute.  This  gives  the  work  per  min- 
ute in  foot-pounds.  Divide  the  product  by  33,000;  the  result 
will  be  the  indicated  Jiorsepoiver  of  the  engine. 

Let  I.  II.  P.  =  indicated  horsepower  of  engine; 

P=  M.  E.  P.  in  pounds  per  square  inch; 
A  =  area  of  piston  in  square  inches; 
L  =  length  of  stroke  in  feet; 
iV=  number  of  strokes  per  minute. 
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Then,  the  above  rule  may  be  expressed  thus: 

206S.  The  number  of  strokes  per  minute  is  twice  the 
number  of  revolutions  per  minute.  For  example,  if  an 
engine  runs  at  a  speed  of  210  revolutions  per  minute,  it 
makes  420  strokes  per  minute.  A  few  types  of  engines, 
however,  are  single-acting;  that  is,  the  steam  acts  on  only 
one  side  of  the  piston.  Such  are  the  Westinghouse,  the 
Willans,  and  others.  In  this  case,  only  one  stroke  per  revo- 
lution does  work,  and,  consequently,  the  number  of  strokes 
per  minute  to  be  used  in  the  above  rule  is  the  same  as  the 
number  of  revolutions  per  minute.  As  most  steam-engines 
are  double-acting,  no  mention  is  generally  made  of  this  fact. 
When  the  dimensions  of  an  engine  are  given,  unless  it  is 
stated  that  the  engine  is  single-acting,  it  may  be  assumed 
that  a  double-acting  engine  is  meant  and  that  work  is  done 
during  each  stroke. 

ExAMPLB. — The  diameter  of  the  piston  of  an  engine  is  10  inches, 
and  the  length  of  stroke  15  inches.  It  makes  250  revolutions  per 
minute,  with  a  M.  E.  P.  of  40  pounds  per  square  inch.  What  is  the 
horsepower  ? 

Solution. — As  it  is  not  stated  whether  the  engine  is  single  or 
double  acting,  assume  that  it  is  double-acting.  Then,  the  number  of 
strokes  is  250  X  2  =  500  per  minute.     Applying  formula  143, 

T    M   T>  _PLAN_40X\\  X  (10»  X  .7854)  x  500  _  ^^  ^  „    p 
1.  «.  f.  -     jjg  ^^     -  gg^^^  -  oy.o  n.  1-. 

2069.     Approximate  Determination  of  M.  K.  P. — 

To  approximately  determine  the  M.  E.  P.  of  an  engine, 
when  the  point  of  apparent  cut-off  is  known  and  the  boiler- 
pressure,  or  the  pressure  per  square  inch  in  the  boiler  from 
which  the  supply  of  steam  is  obtained,  is  given: 

Rule. — Add  H,7  to  the  gauge-pressure,  and  multiply  the 
result  by  the  number  opposite  the  fraction  indicating  tJie  point 
of  cut-off  in  Table  J^Jf,  Subtract  17  from  the  product  and 
multiply  by  .9.  The  result  is  the  M,  E.  P,  for  good ^  simple 
non-condensing  engines. 
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Or,  letting 


/  = 


Then, 


k 
M.  E.  P. 
M.  E.  P. 


gauge-pressure ; 
a  constant  (see  Table  44); 
mean  effective  pressure. 
.9  [>&(/+ 14.7) -17]. 

TABLE    44. 


(144.) 


Cut-off. 

Constant. 

Cut-off. 

Constant. 

Cut-off. 

Constant. 

i 

.560 

1 

.771 

* 

.917 

i 

.603 

.4 

.789 

.7 

.926 

i 

.659 

i 

.847 

\ 

.937 

.3  ' 

.708 

.6 

.895 

.8 

.944 

\ 

.743' 

1 

.904 

\ 

.951 

2070.  If  the  engine  is  a  simple  condensing  engine, 
subtract  the  pressure  in  the  condenser  instead  of  17.  The 
fraction  indicating  the  point  of  cut-off  is  obtained  by  divi- 
ding the  distance  that  the  piston  has  traveled  when  the  steam 
is  cut  off  by  the  whole  length  of  the  stroke.  For  a  \  cut- 
off, and  92  pounds  gauge-pressure  in  the  boiler,  the  M.  E.  P. 
is,  by  the    formula   just  given,   .9[.917(92  +  14.7)  —  17]  = 

72.6  lb.  per  sq.  in. 

Example. — Find  the  approximate  I.H.P.  of  a  9"X  13'  non-condensing 
engine  cutting  off  at  \  stroke,  and  making  240  revolutions  p)er  minute. 
The  boiler-pressure  is  80  pounds,  gauge. 

Solution.—  80+  14.7  =  94.7.  Using  formula  144  and  Table  44. 
the  constant  for  \  cut-off    is  .847,  and. 847  X  boiler-pressure  =  .847  X 

94.7  =  80.21.     M.  E.  P.  =  (80.21  -  17)  X  .9  =  56.89  lb.  per  sq.  in.     Then, 
from  formula  143, 


1.  K.  P.  = 


P  L  A  N      50.89  X  i I  X  (.7854  X  O^)  X  240  X  2 


33,000 


33,000 


=  52.64H.  P. 

Ans, 


2071.  Piston  Speed.— The  product  LN  oi  formula 
143  gives  the  total  distance  traveled  by  the  piston  in  one 
minute.  This  is  called  the  piston  speed.  It  is  usual  to  take 
the  stroke  in  inches.  Then,  to  tind  the  piston  speed,  multiply 
the  stroke  in  inches  by  tl>c  number  of  strokes,  and  divide  by 

IN 

12,  or,  letting  S  represent  the  piston  speed,  S  =  ■— -  ,  where 
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/  is  the  stroke  in  inches.     But  N=2R  where  R  represents 
the  number  of  revolutions  per  minute.     Hence, 

'^■"  12  "       12      ~    6  •  Vl4d.j 

Rule. —  To  find  the  piston  speed  of  an  engine^  multiply  the 
stroke  in  inches  by  the  number  of  revolutions  per  minute^  and 
divide  the  product  by  6,    . 

Example. — An  engine  with  52-inch  stroke  runs  at  a  speed  of  66 
revolutions  per  minute.     What  is  the  piston  speed  ? 

Solution. — By  formula  145,  5=  -s-  =  — 5 — =  572  ft.  per  min. 

Ans. 

The  piston  speeds  used  in  modern  practice  are  about  as 

follows : 

Ft.  per  min. 

Small  stationary  engines 250  to  600 

Large  stationary  engines 500  to  900 

Corliss  engines 400  to  750 

2072*     Friction  Horsepo^iver :  Net  Horsepo^ver. — 

Formula  143  gives  the  indicated  horsepower,  or  I.  H.  P.; 
that  is,  the  total  horsepower  developed  in  the  engine-cylin- 
der. A  part  of  the  I.  H.  P.  is  used  in  overcoming  the 
friction  of  the  moving  parts  of  the  engine.  The  remainder 
is  available  for  doing  the  required  work. 

2073.  The  power  absorbed  by  the  engine  itself  is 
termed  the  friction  liorsepo^iver. 

2074.  The  power  available  for  doing  useful  work  is 
termed  the  net,  or  actual,  liorsepo'wer. 

The  actual  horsepower  of  any  engine  is  found  by  first 
computing  its  I.  H.  P.  from  a  set  of  indicator-diagrams 
taken  while  the  engine  is  running  under  full  load,  and  then 
subtracting  from  this  the  I.  H.  P.  computed  from  a  set  of 
indicatoi -diagrams  taken  when  the  engine  is  running  under 
no  load,  but  making  the  same  number  of  revolutions  per 
minute  as  above.  The  horsepower  developed  by  the  engine 
in  this  last  case  will  only  be  sufficient  to  keep  the  working 
parts  of  the  engine  in  motion  at  the  same  speed. 
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For  example:  indicator-diagrams,  taken  from  an  engine 
while  running  under  full  load,  and  having  a  piston  speed  of 
498  feet  per  minute,  show  an  indicated  horsepower  of  242.7. 
With  the  same  piston  speed,  and  running  under  no  load,  the 
indicator-diagrams  show  an  indicated  horsepower  of  75.2. 
Then,  242.7  —  75.2  =  167.5  =  the  actual  horsepower  of  the 
engine. 

2076.  The  meclianlcal  efficiency  of  an  engine  is 
the  ratio  of  the  actual  horsepower  to  the  indicated  horse- 
power;  or  it  is  the  per  cent,  of  the  mechanical  energy  de- 
veloped in  the  cylinder  which  is  utilized  in  the  doing  of 
useful  work. 

2076.  To  find  the  efficiency  of  an  engine,  when  the 
indicated  and  actual  horsepowers  are  known : 

Rule. — Divide  the  actual   horsepower  by   the   indicated 

horsepower. 

Let  N.  H.  P.  =  the  net,  or  actual,  horsepower; 
I.  H.  P.  =  the  indicated  horsepower; 
Ey^  =  efficiency  of  engine. 

Then,  -^'■•'=  LH.'p.'-  ^^^^'^ 

Example. — The  indicator-diagrams  taken  from  an  engine  running 
under  full  load  show  the  I.  H.  P.  to  be  238.5.  The  diagrams  taken 
when  the  engine  is  running  under  no  load  show  a  horsepower  of  39.7. 
{a)  What  is  the  net  H.  P.  developed  by  the  engine  ?  {b)  What  is  the 
efficiency  of  Hie  engine  ? 

Solution.— (tf)  Net  11.  P.  =  I.  H.  P.  -  friction  H.  P.  =  238.5  —  39.7  = 
198.8.     Ans. 

{b)  By  formula  146,  the  efficiency  is 

N.H.P.  _  198.8  _g_..      . 
\7\\ .~P7  -  23875  -  ^^- ^^-     ^'^^' 

The  mechanical  efficiency  of  a  good  engine  may  be  from 
75  to  00  per  cent. 

The  efficiency  of  steam-engines  varies  greatly ;  it  is,  how- 
ever, usually  taken  at  GO  per  cent,  in  all  approximate  deter- 
minations. That  is,  ordinary  practice  shows  that  with  the 
types  of  engine  commonly  used  only  about  .66  or  f  of  the 
power  developed  in  the  cylinder  is  actually  available. 


§  19  STEAM-ENGINES.  33 

207 T.  We  will  now  consider  an  example,  to  show  how 
the  above  rules  may  be  used  in  practical  work. 

Example. — Determine  approximately  the  dimensions  of  a  single- 
cylinder,  non-condensing  engine  to  furnish  175  actual  horsepower. 

Solution. — The  I.  H.  P.  of  the  engine  will  be  about  i  greater  than 
the  actual  horsepower,  or  175  X  |  =  263. 

This  is  a  large  stationary  engine ;  therefore,  we  should  have  a  piston 
speed  of  between  500  and  900  feet  per  minute,  say  600  feet  per  minute. 

The  cut-off  may  be  taken  at  f  to  insure  good  results,  and  the  boiler- 
pressure  may  be  assumed  to  be  80  pounds  per  square  inch.  From 
formula  144,  the  M.  £.  P.  is  .9  X  [.904(80  -i- 14.7)  -  17]  =  61.75  pounds 
per  square  inch. 

Letting  ^=  diameter  of  oylinder, 

J  „  p       ^«X. 7854X61. 75X600'    «^^. 
I.H.P.  = gpgg =  362; 


or. 


,      ,/      363  X  38,000  ^^o^-     u  ^r»  •     t. 

^=  r  .7854X61.75X600  =  ^^'^  ^'^^^^^  ^^  ^^  ^°^^^ 


Taking  the  ratio  of  stroke  to  diameter  of  cylinder  as  1.5,  we  have 

stroke  =  17  X  15  =  35.5,  say  36  inches. 

600  X  6 
The  number  of  revolutions  of  the  crank  would  then  be  — ^ —  = 

138.5  revolutions  per  minute. 


BXAMPI«E8  FOR  PRACTICB. 

1,  The  mean  effective  pressures  of  two  diagrams  taken  from  the 
two  ends  of  the  cylinder  of  an  18'  X  30*  non-condensing  engine,  run- 
ning at  300  R.  P.  M.  (revolutions  per  minute),  are,  respectively,  57.6  lb. 
per  sq.  in.  and  60.8  lb.  per  sq.  in.  long.  What  is  the  horsepower  of  the 
engine?  Ans.  304.335  H.  P. 

2.  The  area  of  an  indicator-diagram,  as  found  by  the  planimeter,  is 

2.76  square  inches.     The  length  of  the  diagram  is  3.4  inches,  and  the 

scale  of  the  spring  is  80.     What  is  the  M.  £.  P.  ? 

Ans.  34^  lb.  per  sq.  in. 

8.  The  indicator-diagrams  from  an  engine  show  a  M.  E.  P.  of 
27.8  pounds  per  square  inch.  The  engine  has  a  26'  X  48'  cylinder,  and 
makes  68  revolutions  per  minute.  Calculate  the  I.  H.  P.  developed  by 
the  engine.  Ans.  238.94  H.  P. 

4.  Find  the  I.  H.  P.  developed  by  an  8'  X  13'  engine,  running  at  260 
revolutions  per  minute,  the  average  M.  E.  P.  being  32.61  pounds  per 
square  inch.  Ans.  25.83  H.  P. 

5.  (a)  What  is  the  piston  speed  of  the  engine  of  example  3  ?  {d)  of 
the  engine  of  example  4  ?  a^  j  (a)  544  ft. 

(  {d)  530  a 

24—13 
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CONDENSERS. 

2078.  In  Fig.  683  is  shown  a  condenser,  of  which  Fig. 
684  is  a  sectional  view.  The  operation  of  this  condenser 
may  be  explained  as  follows:  When  steam  is  admitted  to 
the  steam-cylinder,  it  causes  the  piston  P  to  move  first  to 
the  right  and  then  to  the  left,  as  in  the  cylinder  of  a  steam- 
engine,  and  since  the  air-pump  piston  O  and  the  water- 
pump  piston  Q  are  both  rigidly  connected  to  P  by  the 
double  piston-rod  as  shown,  they  are  given  the  same  motion 


as  P,  with  the  following  effect:  The  nozzle  at  M  is  con- 
nected by  piping  to  a  water-supply,  through  which  water  is 
drawn  into  and  discharged  from  the  circulating  or  water- 
pump  cylinder  by  the  movement  of  the  piston  Q,  in  the 
manner  clearly  shown  by  the  arrows.  Fig.  G84.  The  valves 
J>,  .V  and  V,  I' arc  automatically  opened  and  closed  by  the 
pressure  of  the  water  below,  and  by  the  pressure  of  the 
water  and  springs  above  them.  After  the  water  is  forced 
through  the  inlet  ^into  the  chamber  F,  it  flows,  as  is  indi- 
cated by  the  arrows,  through  the  inner  tubes  of  the  lower 
layer  of  double  tvibing  to  the  left,  and  having  passed  through 
their  entire  length,  it  returns  through  the  space  between 
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the  outside  of  the  inner  and  inside  of  the  outer  tubes  into 
the  chamber  G.  Pig.  685  shows  more  clearly  the  arrange- 
ment of  this  "  double  tubing. "     From  G,  Fig.  684,  it  passes 


through  E  to  H,  and  from  H  x.o  I  through  the  upper  layer 
of  double  tubing,  as  has  already  been  explained.  From  / 
it  is  discharged  through  the  nozzle  D.  carrying  with  it  all 
the  heat  it  has  received  by  coming  in  contact  with  the  two 
layers  of  double  tubing. 

The  nozzle  at  A  is  connected  with  the  exhaust-pipe  o£ 
the  steam -cylinder  of  an  engine.  The  movement  of  the 
air-pump  piston  O  draws  air  through  the  oriiice  B  from  the 


condenser- cylinder,  and  discharges  it  through  the  valves  and 
the  nozzle  K,  in  a  manner  clearly  indicated  by  the  arrows. 
The  valves  S ,  S'  and  F',  V  are  opened  and  closed  automat- 
ically by  the  pressure  of  the  air  beneath  them,  and  by  the 
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pressure  of  the  air  and  springs  above  them.  A  partial 
vacuum  is  created  in  the  condenser-cylinder  Yhy  the  actioa 
of  the  air-pump;  this  reduces  the  back  pressure  of  the  steam 
on  the  engine  piston,  and  permits  the  exhaust  steam  to 
leave  the  engine-cylinder  with  much  less  resistance  than  it 
would  encounter  if  it  were  discharged  against  the  pressure 
of  the  atmosphere. 

As  the  exhaust  steam  enters  the  condenser-cylinder 
through  A^  it  strikes  a  scattering  plate  Z,  which  distributes 
it  among  the  tubes,  and  protects  the  upper  rows  of  tubing 
from  the  cutting  effect  of  a  direct  current  of  steam.  By 
coming  in  contact  with  the  cold  tubes  the  steam  is  condensed 
and  falls  to  the  bottom  of  the  condenser-cylinder  as  water; 
this  water  flows  through  B  to  the  air-pump  cylinder,  from 
which  it  is  discharged,  and  is  then  pumped  into  the  boiler 
before  cooling.  By  this  means  a  supply  of  boiler  feed-water 
is  obtained  at  a  temperature  nearly  as  high  as  that  of  the 
condenser. 

2079.     The  most  important  use  of  the  condenser,  how- 
ever, is  by  means  of  the  partial  vacuum  produced  by  the 
condensation  of  the  steam  to  relieve  the  exhaust  side  of  the 
piston  from   the  pressure  of  the  atmosphere.      Without  a 
condenser  the  exhaust  must  be  forced  out  of  the  cylinder 
against  the  pressure  of  the  outside  air,  about  14.7  pounds  per 
square  inch,  and  this  pressure  must  be  overcome  by  the  pres- 
sure of  the  steam  on  the  other  side  of  the  piston.     With  a 
good  condenser  the  pressure  against  which  the  exhaust  must 
leave  the  cylinder  is  reduced  to  not  more  than  3  or  4  pounds 
per  square  inch.     There  is  thus  an  increase  in  the  effective 
pressure  which  can  be  obtained  with  a  given  boiler  pressure. 
This  results  in  an  increase  in  the  power  which  the  engine  can 
develop,  together  with  a  reduction  in  the  steam  required  to 
do  a   given  amount  of  work.     To  illustrate,  consider  the 
cards  shown  in  Figs.   081  and  082.     If   the  pressure  in  the 
condenser-cylinder  were  12  pounds  below  the  pressure  of  the 
atmosphere,  it  is  evident  that  the  initial  pressure  need  have 
been  only  GO  —  12  =  48  pounds  per  square  inch,  in  order  to 
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have  produced  the  same  cards.  The  atmospheric  line  drawn 
by  the  indicator  pencil  would  have  been  at  ^  ir  at  a  scale  dis- 
tance of  12  pounds  above  the  old  atmospheric  line  A  Z, 
or  6  pounds  above  the  back  pressure  line  ^-J.  In  effect 
every  point  on  the  card  would  be  lowered  a  scale  distance 
of  12  pounds. 


STEAM-ENGINE  GOVERNORS. 

2080.  Steam  -  enf^lne  s:overnors  are  mechanical 
devices  which  automatically  regulate  the  steam-supply  of 
an  engine,  s(5  that  when  the  load  on  the  engine  is  increased 
or  decreased,  or  when  the  steam-pressure  under  which  it 
operates  changes,  the  speed  of  the  engine  will  remain  con- 
stant. It  must  not,  however,  be  thought  that  the  duty  of 
the  governor  is  to  adjust  the  working  conditions  of  an  en- 
gine to  any  sudden  variation  of  steam-pressure  or  load  that 
may  occur  during  the  time  of  a  single  stroke  of  the  piston. 
It  is  the  office  of  the  fly-wheel  to  respond  to  these  rapidly 
changing  conditions,  and  by  the  resistance  which  it  offers 
to  any  rapid  change  in  its  velocity,  to  gradually  absorb 
this  sudden  force  in  increasing  and  decreasing  the  number 
of  its  revolutions  per  minute.  When  the  engine  is  not  sup- 
plied with  a  fly-wheel,  there  are  other  rotating  parts,  such 
as  the  drum  of  a  hoisting-engine,  which  serves  the  same 
purpose.  Any  variation  of  the  speed  of  the  fly-wheel  is, 
however,  met  by  the  action  of  the  governor,  which  in- 
creases or  decreases  the  steam-supply,  and  thereby  restricts 
the  velocity  of  the  fly-wheel  within  certain  limits.  The 
principle  that  insures  the  action  of  all  steam-engine  gov- 
ernors is  that  of  the  equalization  of  two  opposing  forces, 
which  will  occur  only  when  the  engine  is  running  at  its 
proper  speed.  Any  variation  of  the  speed  tends  to  give  one 
of  these  forces  an  increase  over  the  other,  which  is  expended 
in  moving  some  mechanism  for  the  adjustment  of  the  steam- 
supply. 
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pressure  of  the  air  and  springs  above  them.  A  partial 
vacuum  is  created  in  the  condenser-cylinder  Yhy  the  action 
of  the  air-pump;  this  reduces  the  back  pressure  of  the  steam 
on  the  engine  piston,  and  permits  the  exhaust  steam  to 
leave  the  engine-cylinder  with  much  less  resistance  than  it 
would  encounter  if  it  were  discharged  against  the  pressure 
of  the  atmosphere. 

As  the  exhaust  steam  enters  the  condenser-cylinder 
through  A,  it  strikes  a  scattering  plate  Z,  which  distributes 
It  among  the  tubes,  and  protects  the  upper  rows  of  tubing 
from  the  cutting  effect  of  a  direct  current  of  steam.  By 
coming  in  contact  with  the  cold  tubes  the  steam  is  condensed 
and  falls  to  the  bottom  of  the  condenser-cylinder  as  water; 
this  water  flows  through  B  to  the  air-pump  cylinder,  from 
which  it  is  discharged,  and  is  then  pumped  into  the  boiler 
before  cooling.  By  this  means  a  supply  of  boiler  feed- water 
is  obtained  at  a  temperature  nearly  as  high  as  that  of  the 
condenser. 

2079.  The  most  important  use  of  the  condenser,  how- 
ever, is  by  means  of  the  partial  vacuum  produced  by  the 
condensation  of  the  steam  to  reliev^e  the  exhaust  side  of  the 
piston  from  the  pressure  of  the  atmosphere.  Without  a 
condenser  the  exhaust  must  be  forced  out  of  the  cylinder 
against  the  pressure  of  the  outside  air,  about  14.7  pounds  per 
square  inch,  and  this  pressure  must  be  overcome  by  the  pres- 
sure of  the  steam  on  the  other  side  of  the  piston.  With  a 
good  condenser  the  pressure  against  which  the  exhaust  must 
leave  the  cylinder  is  reduced  to  not  more  than  3  or  4  pounds 
per  square  inch.  There  is  thus  an  increase  in  the  effective 
pressure  wliich  can  be  obtained  with  a  given  boiler  pressure. 
This  results  in  an  increase  in  the  power  which  the  engine  can 
develop,  together  with  a  reduction  in  the  steam  required  to 
do  a  given  amount  of  work.  To  illustrate,  consider  the 
cards  shown  in  Figs.  OSl  and  (;S2.  If  the  pressure  in  the 
condenser-cylinder  were  12  jxninds  below  the  pressure  of  the 
atmosphere,  it  is  evident  that  the  initial  pressure  need  have 
been  only  GO  —  12  =  48  pounds  per  square  inch,  in  order  to 
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have  produced  the  same  cards.  The  atmospheric  line  drawn 
by  the  indicator  pencil  would  have  been  at  ^  ^  at  a  scale  dis- 
tance of  12  pounds  above  the  old  atmospheric  line  A  Z^ 
or  6  pounds  above  the  back  pressure  line  ^-J.  In  effect 
every  point  on  the  card  would  be  lowered  a  scale  distance 
of  12  pounds. 


STEAM-ENGINE  GOVERNORS. 

)20S0.  Steam  -  enf^lne  s:overnors  are  mechanical 
devices  which  automatically  regulate  the  steam-supply  of 
an  engine,  sd  that  when  the  load  on  the  engine  is  increased 
or  decreased,  or  when  the  steam-pressure  under  which  it 
operates  changes,  the  speed  of  the  engine  will  remain  con- 
stant. It  must  not,  however,  be  thought  that  the  duty  of 
the  governor  is  to  adjust  the  working  conditions  of  an  en- 
gine to  any  sudden  variation  of  steam-pressure  or  load  that 
may  occur  during  the  time  of  a  single  stroke  of  the  piston. 
It  is  the  office  of  the  fly-wheel  to  respond  to  these  rapidly 
changing  conditions,  and  by  the  resistance  which  it  offers 
to  any  rapid  change  in  its  velocity,  to  gradually  absorb 
this  sudden  force  in  increasing  and  decreasing  the  number 
of  its  revolutions  per  minute.  When  the  engine  is  not  sup- 
plied with  a  fly-wheel,  there  are  other  rotating  parts,  such 
as  the  drum  of  a  hoisting-engine,  which  serves  the  same 
purpose.  Any  variation  of  the  speed  of  the  fly-wheel  is, 
however,  met  by  the  action  of  the  governor,  which  in- 
creases or  decreases  the  steam-supply,  and  thereby  restricts 
the  velocity  of  the  fly-wheel  within  certain  limits.  The 
principle  that  insures  the  action  of  all  steam-engine  gov- 
ernors is  that  of  the  equalization  of  two  opposing  forces, 
which  will  occur  only  when  the  engine  is  running  at  its 
proper  speed.  Any  variation  of  the  speed  tends  to  give  one 
of  these  forces  an  increase  over  the  other,  which  is  expended 
in  moving  some  mechanism  for  the  adjustment  of  the  steam- 
supply. 
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2081.  Steam-engine  governors  may  be  divided  into 
two  classes:  (1)  Tlirottltii{(  s^overuors,  which  throttle 
the  steam  in  the  supply-pipe,  and  (2)  automatic  or 
actjustable  cut-off  governors,  which  regulate  the  steam- 
supply  by  changing  the  point  of  cut-off  of  the  valve. 

2082.  Throttling  governors  are  usually  of  the  pendulum 
or  fly-ball  type.  One  of  these  is  quite  clearly  shown  at  k^  ;«, 
;;/',  ;/,  o^  Fig.  007.  When  the  engine  is  running,  a  rotary 
motion  is  given  to  the  pulley  ;/  by  means  of  the  belt  which 
runs  over  a  pulley  rigidly  fastened  to  the  crank-shaft.  This 
motion  is  transmitted  through  the  bevel-gears  seen  at  o  to 
the  spindle  /',  which  is  secured  to  the  fly-balls  ;//  and  m\ 

2083*  Suppose  the  engine  to  be  running  at  its  proper 
speed ;  a  balance  will  then  exist  between  the  gravity  force 
and  the  centrifugal  force  due  to  the  rotary  motion,  both  of 
which  are  acting  on  the  balls.  If,  now,  from  any  cause,  the 
speed  lessens,  the  centrifugal  force  will  diminish,  and  gravity, 
acting  on  the  balls,  will  pull  them  down.  This  movement 
on  the  part  of  the  balls  will,  in  turn,  be  imparted  to  a  bal- 
anced throttle-valve,  which  will  be  opened  wider,  causing  an 
increase  in  the  initial  pressure  of  the  live  steam.  The  live 
steam  will  now,  in  consequence  of  the  additional  amount  of 
work  it  is  capable  of  doing,  exert  more  energy  on  the  piston 
and  bring  the  speed  back  to  its  proper  point.  If,  on  the 
other  hand,  the  speed  be  increased,  the  fly-balls  will  rise 
upwards  in  consequence  of  the  centrifugal  force  becoming 
greater  than  the  attraction  of  gravity,  and  the  steam  orifice 
of  the  throttle-valve  will  he  diminished  in  area.  This  will 
lower  the  initial  i)ressur(^;  the  steam  will  consequently 
exert  a  less  effort,  and  the  speed  will  drop  to  its  proper  point. 

2084.  As  an  example  of  the  automatic  adjustable  cut- 
off governor,  of  which  there  are  many  forms,  we  will  con- 
sider that  usually  employed  on  the  Corliss  type  of  engines, 
the  valve-gear  of  which  has  already  been  described   in  Art. 

2053. 

Referring  to  Fig.  GJ^O,  we  see  that  a  rotary  motion  is 
imparted  to  the  tly-balls  ;//,  ;//,  by  means  of  a  belt/,  pulleys 
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■  and  r,  and  bevel-gear  connection  o,  similar  to  that  already 
described  when  stating  the  principle  of  the  throttling  gov- 

Suppose  that  the  engine  is  running  at  its  proper  speed. 
The  fly-balls  will  then  be  held  in  their  normal  position  by 
the  balance  existing  between  the  centrifugal  and  gravity 
forces  acting  on  the  fly-balls  m,  m.  Suppose,  now,  the  speed 
of  the  engine  increases  from  any  cause  whatever;  the  cen- 
trifugal force  acting  on  the  fly-balls  will  also  increase  and 
will   continue  to  pull   tbem  out,    that   is,  to   increase   the 


diameter  of  the  circle  in  which  they  rotate,  until  a  new 
balance  is  effected  between  it  and  the  attraction  of  gravity. 
This  movement  of  the  fly-balls  will  be  transmitted  to  the 
lever  D,  causing  it  to  turn  slightly  about  its  center  in 
the  direction  of  the  arrow  X.  The  movement  of  D  will 
cause  the  trip-collars  6"  and  G',  Fig.  G75,  to  turn  through  a 
small  angle  in  such  a  direction  that  their  projections  a  and 
rt'  will  unhook  the  disengaging  links  /  and  /'  earlier  in  the 
stroke  of  the-engine.  This  will  cause  the  point  of  cut-ofT  to 
occur  earlier  in  the  stroke,  and  a  decrease  in  the  speed  of  the 
engine,  on  account  of  the  reduction  in  the  amount  of  steam 
admitted  to  the  cylinder  and  an  increased  ratio  of  expansion 
of  the  steam  under  the  same  initial  pressure.  Should  the 
speed  from  any  cause  diminish,  a  reverse  operation  would 
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be  the  result  of  the  action  of  the  governor.  The  fly-balls 
would  drop  slightly ;  D  would  turn  as  indicated  by  the  arrow 
U,  and  the  trip  collars  G  and  G'  would  be  rotated  in  such  a 
manner  as  to  cause  their  projections  a  and  a'  to  unhook  the 
disengaging  links  /  and  /'  later  in  the  stroke;  the  cut-o£E 
would  then  occur  later  in  the  stroke,  and  a  diminished  ratio 
of  expansion  at  the  same  pressure  would  bring  the  speed  up 
to  its  proper  point  again. 


SPECIAL  TYPES  OF  ENGINES. 


HOISTING-ENGINES. 

208S.     A  faolBtlnK-enelne  is  usually  a  combination  of 

two  single'Cylinder  engines  of  exactly  the  same  description 


Fio.  887. 

and  dimensions,  which  have  their  cranks  rigidly  connected 
to  a  common  crank-shaft,  and  take  steam  at  the  same  pres- 
sure. Such  a  combination  is  called  a  duplex  engine.  In 
order  to  prevent  the  possibility  of  both  cranks  being  on  a 
dead  center  at  the  same  moment,  one  crank  is"  placed  a  dis- 
tance of  one  right  angle  in  advance  of  the  other.  In  Fig. 
G87  is  shown  such  an  engine.  The  large  double  spiral  drum 
performs  the  duty  of  a  fly-wheel,  while  also  doing  duty  as 
the  drum  on  which  the  ropes  C  and  C  are  wound  and  un- 
wound.    It  is  evident  that  the  engine  must  be  so  constructed 
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that  the  direction  of 
rotation  of  the  drum 
may  be  reversed  at  will. 
This  introduces  a  new 
feature,  namely,  a  re- 
verslns-Eear,  which 
must  form  a  part  of 
every  engine  of  which 
the  direction  of  motion 
is  to  be  reversed.  The 
most  common  form  of 
reversing- gear  is  the 
Stephenson  link-mo- 
tion, which  can  be  partly 
seen  in  Fig.  087,  but  is 
more  clearly  shown  in 
Fig.  088;  the  lettering, 
however,  applies  alike 
to  both  figures. 

2086.     Let     O    be 

the  center  of  rotation 
of  the  crank  C,  and  sup- 
pose the  arrow  to  rep- 
resent the  forward  ro- 
tation of  the  engine. 
Then,  A  will  be  the 
forward  eccentric  and 
B  the  backward  eccen- 
tric; £  will  be  the  for- 
ward eccentric-rod,  and 
F  the  backward  eccen- 
tric-rod. 

The  forward  eccen- 
tric, for  reasons  already 
explained,  must  be 
slightly  more  than  a 
right  angle  in  advance 
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of  the  crank  when  it  is  directly  connected,  since  it  is  to  supply 
the  means  of  operating  the  slide-valve  when  the  engine  is  ro- 
tating forwards.  The  parts  as  shown  are  in  the  positions 
required  to  rotate  the  engine  forwards.  For  the  same  reason, 
the  backward  eccentric  B  must  be  slightly  more  than  a  right 
angle  behind  the  crank,  when  the  engine  is  rotating  forwards, 
so  that  when  the  engine  is  reversed,  and/"  takes  the  place  of 
d^  B  may  be  in  advance  of  the  crank  when  the  engine  ro- 
tates backwards. 

L  is  the  reversing-Hnk;  it  has  the  form  of  an  arc  of  a 
circle  whose  radius  equals  O  c.  The  link-block  VV  forms  the 
connection  between  the  valve-stem  V  and  link  Z,  and  makes 
it  possible  for  L  to  be  moved  through  a  distance  y^. 

There  is  a  joint  between  E  and  L  at  d^  and  another 
between  F  and  Z  at  /*.  iV  is  a  bell-crank,  and  is  rigidly 
connected  to  the  **  tumbling  "  shaft  R^  which  is  held  in  posi- 
tion by  means  of  bearings.  It  is  also  jointed,  as  shown,  to 
the  lifting-rod  M  and  the  reach-rod  o\  M  is  connected  to 
the  center  c  of  the  link  Z,  and  the  reach-rod  o  is  connected 
at  x*  to  the  reversing-levcr  /*,  which  swings  about  (?  as  a 
center,  and  when  moved  is  caught  and  held  in  its  p>osi- 
tion  by  the  spring-latch  x  catching  in  the  notches  of  the 
sector  T.  S  is  simply  a  counterbalance  which  balances  the 
weight  of  the  other  parts  about  /?  as  a  center. 

2087.  By  a  movement  of  the  reversing-lever  P, 
through  the  length  of  the  sector  from  the  notch  at  x  to  the 
notch  J,  the  point  /  is  brought  in  line  with  a,  and  so 
changes  the  relative  position  of  the  slide-valve  (that  is,  of 
the  port-openings,  etc.),  that  the  engine  can  no  longer 
rotate  as  indicated  by  the  arrow,  but  must  reverse  its  direc- 
tion in  consequence  of  the  full  steam-pressure  being  brought 
to  bear  on  the  opposite  side  of  the  piston,  as  a  result  of  this 
movement  of  the  valve.  Another  important  point,  in  con- 
nection with  this  link-motion,  is  the  fact  that  if  the  revers- 
ing-lever is  moved  and  secured  so  as  to  bring  a  between  d 
and  r,  the  valve-travel  will  be  reduced,  and  the  admission- 
port  opening  diminished,  directly  as  the  distance  between 
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a  and  r,  in   ^*3  new  position.     When  c  reaches  a^  there  will 
be  no  travel  of  the  valve,  and  for  points  between  c  and  f 
the  valve-travel  will  again  increase  directly  as  the  distance 
between  a  and  c  increases. 

This  means  that,  as  in  the  case  of  an  automatic  governor, 
we  can  adjust  the  steam-supply  to  the  load  on  the  engine 
for  cither  forward  or  backward  rotation  of  the  crank  by  a 
simple  movement  of  the  reversing-lever /*,  which,  in  this  case, 
operates  the  reversing-gears  of  both  cylinders  in  Fig.  G87. 

2088.  This  class  of  engines,  as  a  rule,  however,  are 
governed  by  hand,  by  making  use  of  the  throttle-valve 
shown  at  y,  and  operating  it  by  the  lever  K  to  check  the 
flow  of  the  steam-supply,  as  in  the  case  of  the  throttling 
governor.  H  is  the  main  steam-supply  pipe,  and  steam  is 
admitted  to  both  cylinders  at  the  same  pressure  through 
the  branch  pipes  /and  /'. 

2089*     Hoisting-engines  are  said  to  be  first-motion 

eAKines  when  the  drum  is  fastened  directly  on  the  crank- 
shaft, as  shown  in  Fig.  G87,  and  second-motioii  engines 
when  the  rotary  motion  is  imparted  to  the  drum  through 
the  medium  of  a  small  gear-wheel  fastened  on  the  crank- 
shaft, which  meshes  with  a  large  gear-wheel  on  the  drum- 
shaft. 

H  AU  LAG  E-ENGINES. 

2090*  Haulage-engines,  as  in  the  case  of  hoisting- 
engines,  usually  consist  of  two  single-cylinder  engines  of 
exactly  similar  dimensions,  taking  steam  from  the  same 
source,  and  at  the  same  pressure.  They  are  placed  side  by 
side,  transmit  power  through  the  same  shaft,  and  have  their 
cranks  at  right  angles  to  each  other.  There  are,  however, 
slight  differences  in  the  conditions  under  which  these  engines 
operate  in  the  **  tail-rope"  and  **  endless-rope  **  systems, 
which  necessitate  slight  differences  in  their  construction 
and  operation. 

2091*  The  tail-rope  haula8:e-en8:ine  is  one  of 
exactly    the    same    type    as     the    hoisting-engine    already 
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described  in  Fig.  087,  except  that  the  winding  drums  are 
usually  parallel  instead  of  conical.  They  should  be  reversi- 
ble, and,  since  their  speed  varies,  are  usually  governed  by  a 
throttle -valve  operated  by  hand,  They  are  also  supplied 
vith  a  suitable  brake. 


2092.     An  cndlcAS-rope  liau  lags -engine  is  shown 
in  Fig.  089.     The  engines  A  and  B  are  connected  to  the 


same  shaft  S,  and  transmit  a  rotary  motion  to  the  drum  D 
through  the  gear-wheels  Af  and  A',  an  arrangement  which 
constitutes/!  siYond-motion  engine.  The  wire  haulage-rope 
passes  first  over  the  drum  D,  and  is  then  carried  over  the 
drum  C,  ;vnd,  afli'r  being  wound  over  them  both,  it  passes 
off  the  larger  dnini,  Since  the  rope  is  endless,  that  is, 
since  its  ends  are  spliced  and  it  passes  over  a  wheel  at  the 
other  end  of  the  line,  there  is  no  necessity  of  reversing  the 
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engine ;  therefore,  it  is  operated  at  a  constant  speed  and  is 
regulated  by  a  throttling  or  automatic  governor. 


FAN-ENGINBS. 

2093*  Fan-engines  do  not  of  themselves  form  a  separate 
and  distinct  class  which  may  be  considered  under  this  head 
on  account  of  any  marked  peculiarity  of  construction  which 
they  possess.  We  may  employ,  in  the  driving  of  a  fan,  any 
engine  which  is  capable  of  developing  the  necessary  amount 
of  power  to  operate  the  fan  at  the  required  speed.  It  is, 
therefore,  evident  that  such  an  engine  may  be  of  either  the 
simple,  duplex,  compound,  or  other  form,  its  type  being 
usually  determined  by  a  careful  consideration  of  the  power 
it  is  to  develop  and  the  pressure  under  which  it  is  to  be 
operated. 

COMPOUND  ENGINES. 

20941.  Compound  engines  are  those  having  two  cylin- 
ders of  which  the  working  lengths  are  the  same,  but  the 
diameter  of  one,  the  lilsh-pressure  cylinder,  is  less 
than  that  of  the  other,  the  loiw-pressure  cylinder.  In 
these  engines  the  expansion  of  the  steam  is  only  partially 
effected  in  the  high-pressure  cylinder,  and  on  being  exhausted 
from  it,  passes  into  an  intermediate  chamber  which  serves  as 
a  reservoir,  called  the  receiver^  from  which  the  low-pressure 
cylinder  draws  its  supply  of  steam.  In  the  low-pressure 
cylinder  the  expansion  of  the  steam  is  continued  and  com- 
pleted; and  from  here  it  either  passes  into  the  open  air  or 
into  a  condenser. 

2095.  The  chief  advantage  of  compounding  is  that  a 
greater  range  of  expansion  can  be  obtained  than  is  economical 
in  a  single  cylinder.  With  a  great  range  of  expansion  there 
is  a  correspondingly  great  difference  in  tlie  temperature  of 
the  steam  from  the  boiler  and  the  teini)-!-  iiure  of  tlu;  exhaust. 
The  walls  of  the  cylinder  are  alternately  heated  by  the  hot 
steam,  a  part  of  which  condenses  by  the  process,  and  cooled 
by  the  exhaust.      The  heat  taken  from  the  cylinder  walls 
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and  carried  away  by  tlie  exhaust  is  almost  a  total  loss.  By 
allowing  the  steam  to  expand  successively  in  two  or  more  cyl- 
inders, the  ranire  in  tern [)erat lire  in  each  cylinder  is  reduced. 
This  reduces  the  quantity  of  steam  condensed  in  the  cylin- 
der and  the  quantity  of  heat  carried  out  by  the  exhaust. 

2096.  The  tandem-compound  engine,  shown  in 
Fig.  690,  is  one  of  the  most  common  typ^sof  the  stationary 
compound  engine.  In  this  type  the  high-pressure  cylinder 
a  is  usually  placed  directly  behind  the  low-pressure  cylin- 
der d,  both  pistons  being  connected  to  the  same  piston-rod. 
The  exhaust  of  the  high-pressure  cylinder  is  carried  in  any 


uonvenicDt  manner  to  the  low-pressure  cylinder,  but  the 
more  direct  the  conducting  passages  are,  the  better.  This 
form  of  construction  has  one  great  advantage  of  furnishing 
a  comparatively  cheap  method  of  compounding;,  as  the 
extra  ccwt  !i>  only  a  little  more  than  that  of  the  additional 
cylinder  and  its  valve-gear.  Being  compact,  it  also  takes  up 
but  very  little  more  room  than  a  single-cylinder  engine. 

2097.  Cross-compound  engines  are  those  in  which 
the  two  cylinders,  each  being  iti  itself  a  complete  engine, 
just  as  in  the  case  of  the  duplex  hoisting  and  haulage  eji- 
gines  already  described,  are  placed  side  by  side  and  have 
their  cranks  connected  at  right  angles  on  a  common  shaft. 
In  this  case,  as  above,  llie  sleam  from  the  high-[)res;-ure 
cylinder  is  exhausted  into  a  receiver  or  chamber  from  which 
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the  low-pressure  cylinder  draws  its  steam-supply  without 
seriously  affecting  the  working  of  the  steam.  This  class  of 
engine  has  the  advantage  over  the  tandem  type  of  running 
much  smoother  on  account  of  the  more  perfect  balancing  of 
the  rotating  parts.  It  is  generally  used  in  large  construc- 
tions where  the  tandem  type  would  not  be  practicable.  In 
compound  engines,  the  initial  steam-pressure  ranges  from 
60  to  125  pounds  per  square  inch,  with  ratios  of  expansion 
varying  from  3  to  11. 

2098.  Triple-expansion  engines  are  three-cylinder 
compound  engines.  In  these,  high  initial  pressures  of  from 
120  to  250  pounds  per  square  inch  and  ratios  of  expansion 
varying  from  9  to  27  are  used.  As  in  the  case  of  the  com- 
pound engine,  the  steam  passes  through  each  of  the  three 
cylinders  of  the  triple-expansion  engine  before  being  finally 
expelled.  As  a  general  rule,  engines  of  this  type  are 
employed  only  where  a  large  amount  of  power  is  required. 

2099*  Sinsle-acting  engines  are  those  which  take 
steam  during  only  one  of  the  two  strokes  of  a  revolution ; 
that  is,  steam  is  admitted  to  the  cylinder  during  the  forward 
stroke  of  the  piston,  but  is  shut  off  during  the  return  stroke. 
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PNEUMATICS. 


INTRODUCTION. 

2100.  In  order  to  understand  the  various  operations  of 
unneling,  rock-drilling,  pumping,  mine  ventilation,  etc., 
Thich  depend  for  their  success  upon  the  physical  properties 
)f  air,  a  knowledge  of  the  leading  principles  of  the  proper- 
ies  of  air  and  gases  is  necessary.  That  branch  of  me- 
:hanics  which  treats  of  the  physical  properties  of  air  and 
rases  is  called  Pneufnatlcs. 

2101<  The  most  striking  feature  concerning  gases  is 
hat,  no  matter  how  small  the  quantity  may  be,  they  will 
Uways  fill  the  vessels  which  con- 
ain  them.  If  a  bladder  or  foot- 
tall  be  partly  filled  with  air, 
ind  placed  under  a  glass  jar 
called  a  receiver),  from  which 
he  air  has  been  exhausted,  the 
'ladder  or  football  will  imme- 
liately  expand,  as  shown  in 
'ig.  691,  The  force  which  a 
;as  always  exerts,  when  con- 
ined,  on  the  vessel  which  con- 
ainsit,  is  called  tension.  The 
rard  tension  in  this  case  means  fio.  691. 

iressure,  and  is  used  in  this  sense  only  in  reference  to  gases. 

NoTB. — The  atudenl  who  is  mil  already  familiar  with  the  elemen- 
iry  properties  of  air  should  read  Arts.  2153  to  216H,  at  the  end  of 
tiia  sectioa,  before  proceeding  further. 
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PNEITMATIC   MACHINES. 

2102.     Tbe  Alr-Pump. — The  alr-pufnp  is  an  instrti- 

ment  for  removing  air  from  a  given  space.     A  section  of 


the  principal  parts  is  shown  in  Fig.  G9i,  and  the  complete 
instrument  in  Fig.  (jil3.  The  closed  vessel  R  is  called  the 
receiver,      and     the 

space  which  it  encloses 
is  that  from  which  it  is 
desired  to  remove  ihe 
air.  It  is  usually  made 
of  (jlass,  and  the  edges 
are  ground  so  as  to  be 
pe  rfcctly  air-tight. 
When  made  in  this 
[n,ic  is  called  a  bell- 
-  Jar  receiver.  Tlie 
rtceiver  rests  upon  a 
horizontal  plate,  in  the 
center  of  which  is  an 
opening  communicating 
with  the  pump-cylinder 
C,  by  means  of  a  hent 
tube  t  t.  The  pump- 
piston  fits  the  cylinder 
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accurately,  and  has  a  valve  P  opening  upwards.  At  the 
junction  of  the  tube  with  the  cylinder  is  another  valve  V, 
also  opening  upwards.  When  the  piston  is  raised,  the 
valve  V  closes,  and,  since  no  air  can  get  into  the  cylinder 
from  above,  the  piston  leaves  a  vacuum  behind  it.  The 
pressure  upon  V  being  now  removed,  the  tension  of  the 
air  in  the  receiver  R  causes  V  to  rise;  the  air  in  the 
receiver  then  expands  and  occupies  the  space  displaced 
by  the  piston,  the  space  within  the  tube  /  /,  and  within 
the  receiver  R.  The  piston  is  now  pushed  down,  the  valve 
V  closes,  the  valve  V  opens,  and  the  air  in  C  escapes. 
The  lower  valve  V  is  sometimes  supported,  as  shown  in  Fig. 
692,  by  a  metal  rod  passing  through  the  piston,  and  fitting 
it  somewhat  tightly.  When  the  piston  is  raised  or  lowered, 
this  rod  moves  with  it.  A  button  near  the  upper  end  of  the 
rod  confines  its  motion  within  very  narrow  limits,  the  piston 
sliding  upon  the  rod  during  the  greater  part  of  the  journey. 

2103.  Decrees  and  Lrimits  of  Bxtiaustion. — Sup- 
pose that  the  volume  of  R  and  /  together  is  four  times  that 
of  C,  and  that  there  are,  say,  200  grains  of  air  in  R  and  /, 
and  50  grains  in  C  when  the  piston  is  at  the  top  of  the  cyl- 
inder. At  the  end  of  the  first  stroke,  when  the  piston  is 
again  at  the  top,  50  grains  of  air  in  the  cylinder  C  will  have 
been  removed,  and  the  200  grains  in  R  and  /  will  occupy 
the  space  R,  /,  and  C,  The  ratio  between  the  sum  of  the 
spaces  R  and  /  and  the  total  space  -^  +  /  +  ^  is  | ;  hence, 
200  X  ^  =  IGO  grains  =  the  weight  of  air  in  R  and  /  after 
the  first  stroke.  After  the  second  stroke,  the  weight  of  the 
air  in  R  and  /  would  be  (200  X  |)  X  |  =200  X  (f)'  =  200  X 
1^  =  128  grains.     At  the  end  of  the  third  stroke  the  weight 

would  be  [200  X  (i)']  X  i  =  200  X  ( j)*  =  200  X  i^W  ==  l^^-^ 
grains.  At  the  end  of  ;/  strokes  the  weight  would  be 
200  X  (t)*-  ^t  5s  evident  that  //  ts  impossible  to  retnove  all 
of  the  air  that  is  contained  in  R  and  t  by  this  method.  It 
requires  an  exceedingly  good  air-pump  to  reduce  the  tension 
of  the  air  in  R  to  -^j^  of  an  inch  of  mercury.  When  the  air 
has  reached  this  condition  of  rarefaction,  the  valve  V  will 
not  lift,  and,  consequently,  no  more  air  can  be  exhausted. 
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2 1 04.     MafcdeburK  Hemisptieres. — By  means  of  the 
two  hemispheres  shown  in  Fig.  694,  it  can  be  proven  that 

the  atmosphere  presses  upon  a  body 
equally  in  all  directions.  They  were  in- 
vented by  Otto  Von  Guericke,  of  Magde- 
burg, and  are  called  the  Masdeburg 
liemlspberes.  One  of  the  hemispheres 
is  provided  with  a  stop-cock,  by  which  it 
can  be  screwed  on  an  air-pump.  The 
edges  fit  accurately  and  are  well  greased, 
so  as  to  be  air-tight.  As  long  as  the  hem- 
ispheres contain  air,  they  can  be  separa- 
ted without  trouble;  but  when  the  air  in 
the  interior  is  pumped  out  by  means  of  an 
air-pump,  they  can  be  separated  only  with 
great  difficulty.  The  force  required  to 
separate  them  will  be  equal  to  the  area 
of  the  largest  circle  of  the  hemisphere  in 
square  inches,  multiplied  by  14.7  pounds. 
This  force  will  be  the  same  in  whatever  position  the  hemi- 
sphere may  be  held,  thus  proving  that  the  pressure  of  air 
upon  it  is  the  same  in  all  directions. 


Fio.  «M. 


2105.  The  pressure  of  the  atmosphere  is  very  clearly 
shown  by  means  of  an  apparatus  like  that  illustrated  in 
Fig.  01)5.  Here  a  cylinder  fitted  with  a  piston  is  held  in 
suspension  by  a  chain.  At  the  top  of  the  cylinder  is  a 
plug  ./,  which  can  be  taken  out.  This  plug  is  removed, 
the  piston  pushed  up  (the  force  necessary  being  equal  to 
the  weight  of  the  piston  and  rod  //),  until  it  touches  the 
cylinder-head.  The  plug  is  then  screwed  in,  and  the  piston 
will  remain  at  the  top  until  a  weight  has  been  hung  on  the 
rod  equal  t<.)  the  area  of  the  piston,'  multiplied  by  14.7 
pounds,  less  the  weight  of  the  piston  and  rod.  If  a  force 
was  applied  to  the  md  sufficiently  great  to  force  the  piston 
downwards,  it  would  raise  any  weight  less  than  the  above 
to  the  to[)  of  the  cylinder.  Sup[)ose  the  weight  to  be  re- 
moved, and  the  i)iston  to  be  supi)orted,  say,  midway  of  the 
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length  of  the  cylinder.  Let  the  plii^  ^c  removed  and  air 
admitted  above  the  piston,  then  screw  the  plug  back  into 
its  place;  if  the  piston  be  shoved  upwards,  the  farther  up  it 
goes,  the  greater  will  be  the  force  necessary 
to  push  it,  on  account  of  the  compression 
of  the  air.  If  the  piston  is  of  large  diam- 
eter, it  will  also  require  a  great  force  to 
pull  it  out  of  the  cylinder,  as  a  little  con- 
sideration will  show.  For  example,  let  the  ( 
diameter  of  the  piston  be  20  inches,  the 
length  of  the  cylinder  30  inches,  plus 
the  thickness  of  the  piston,  and  the  weight 
of  the  piston  and  rod  100  pounds.  If  the 
piston  is  in  the  middle  of  the  cylinder, 
there  will  be  18  inches  of  space  above  it, 
and  18  inches  of  space  below  it.  The  area 
of  the  piston  is  20'  X  .7854  =  314.16square 
inches,  and  the  atmospheric  pressure  upon 
it  is  314.16  X  14.7  =  4,618  lb.,  nearly.  In 
order  to  shove  the  piston  upwards  9  inches, 
the  pressure  upon  it  must  be  twice  as 
great,  or  9,236  pounds,  and  to  this  must 
be  added  the  weight  of  the  piston  and  rod, 
or  9,236  +  100  =  9,336  lb.  The  force  neces- 
sary to  cause  the  piston  to  move  upwards 
9  inches  would  then  be  9,330  —  -I.Ols  = 
4,T18  lb.  Now,  suppose  the  piston  to  be 
moved  downwards  until  it  is  just  on  the 
point  of  being  pulled  out  of  the  cylinder.  Th^  \nlume 
above  it  will  then  be  twice  as  great  as  before,  and  the 
pressure  one-half  as  great,  or  4,018-=- 2  =  2,30!)  lb.  The 
total  upward  pressure  will  be  the  pressure  of  the  atmosphere 
less  the  weight  of  the  piston  and  rod,  or  4,01S  — li)0  = 
4,518  lb.,  and  the  force  necessary  to  pull  it  downwards 
to  this  point  will  be  4,518  —  2,30it  =  2,2011  lb. 


2106>     The    Injector. — A    section  of    an    injector    is 
shown  in  Fig.  69C.     There  are  many  different  kindsof  these 
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instruments,  but  tlic  principle  is  the  same  in  all.  When 
they  are  used  for  lifting  water  from  a  point  below  the  dis- 
charge orifice  and  forcing  it  into  the  boiler  of  a  steam- 
engine  or  locomotive,  they  depend  for  their  lifting  action 
upon  the  creation  of  a  partial  vacuum  by  the  action  of  the 
steam.  In  the  injector,  Fig.  COfi,  F  is  the  connection  for 
the  steam-pipe  from  the  boiler,  P  is  the  connection  for  the 
pipe  from  the  water  supply,  N  is  the  connection  to  which 


J  the  boiler  is  attached,  and  the 
discharged  through  the  over- 


the  discharge-pipe  le 
waste  water  and  ste 
flow  nozzle  O. 

2107.  The  method  of  operation  is  as  follows:  The 
valve  />'  is  first  oi)e[ied  by  turning  the  wheel  W ;  the  primer 
valve  R  is  then  ojiencd  by  the  handley,  thus  permitting  the 
steam  to  flow  through  the  passage  K  and  a  connection,  not 
shown  in  the  figure,  to  Ihe  nozzle  n.  From  u  the  jet  of 
steam  rushes  out  through  0.  A  i>assage  connects  the  cham- 
ber surruuniiing  u  with  the  space  ahove  valve  L.  The  jet 
of  steam  from  //  out  through  O  <'arries  with  It  the  air  in  the 
chamber  to  which  ('  is  connected,  thus  forming  a  partial 
vacuum  in  the  spare  ahove  /. ;  the  air  in  the  passages 
D,  C,  G,  If,  A",  T.  and  in  the  water-pipe  connected  at  P  is 
thus  drawn  out  tlirough  the  valve  L,  and  a  partial  vacuum 
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is  formed  which  permits  the  pressure  of  the  atmosphere  to 
firce  water  through  P  until  it  finally  fills  the  passages  and 
I  flows  out  through  L  and  the  overflow  nozzle  O.  As  soon  as 
raler  appears  at  O,  the  vaive  A'  is  closed  and  the  main  steam- 
\-aIve  A  is  opened  by  the  wheel  5,  thus  admitting  steam  to 
•  Ihe  passages  C.  ff,  A".  This  steam  draws  water  from  (7 
ihrough  the  opening  surrounding  //  and  discharges  it 
ihrough  A!"  with  such  a  high  velocity  that  it  rushes  past  the 
opening  /"into  the  nozzle  J/ and  thence  into  the  boiler. 

THE  EXPANSION  OF  AIR  AND  GASES. 
210S.  When  a  gas  expands,  it  does  work;  when  it  is 
compressed,  work  is  required  to  be  done  upon  the  gas  to 
compress  it.  Suppose  that  a  cubic  foot  of  air  is  confined  in 
a  vessel  having  an  area  of  1  square  foot  and  a  length  of  6 
feet  plus  the  thickness  of  the  piston,  so  that  the  piston  can 
move  5  feet.  Suppose  the  piston  to  be  in  the  position 
shown  in  Fig.  697; 


T^ 


that  the  absolute 
pressure  of  the  vol- 
ume of  air  enclosed 
in  the  cylinder  is  100 
lb.  per  square  inch 
on  the  piston,  and  V 
that    the    tempera-  '""'■""■ 

ture  is  150°.  Since  the  area  of  the  piston  is  1  square  foot, 
the  volume  of  the  enclosed  air  is  1  cubic  foot.  Now,  let 
this  air  expand,  and  keep  the  temperature  constant  by  add- 
ing heat  to  it.  The  piston  will  move  ahead;  the  atmos- 
pheric pressure  upon  it  will  be  overcome  through  the  dis- 
tance it  moves;  the  volume  of  the  air  will  increase  and  the 
pressure  decrease,  according  to  Marintte's  Law.  When  the 
piston  has  moved  1  foot,  the  volume  will  be  'i  cubic  feet,  and 

the  pressure  is  found  by  the  formula  to  be  /,  —  — = 

60  lb.  per  square  inch.  When  the  piston  has  moved  3  feet, 
the  pressure  is  ^''  =  ;i:)*-  lb.  per  square  inch,  etc.  To  show, 
graphically,  the  effects  of  this  expansion  upon  the  pressure 
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and  volume,  two  indefinite  straight  lines  are  drawn  at  right 
angles  to  each  other,  as  0  V  and  O  A',  in  Fig.  698.  Any 
line  drawn  from  O  X  parallel  to  £7  K  is  called  an  ordinate. 
Choose  a  convenient  scale,  say  1  in.  =  1  cii.  ft.,  and  lay  off 
£?Z.=  1  in,  =  1  cu.  ft.  of  cylinder  volume  =  the  volume  of 
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air  before  expanding.  Make  0  !■'  =  5  in.  =  the  total  volume 
after  the  piston  has  rcacht-d  the  end  of  the  cylinder.  Now, 
choose  another  scale  in  represent  the  pressures,  say  1  in.  = 
20  Ih.  TJie  length  of  a  line  representing  100  lb.  would  be 
V(t"-  =  5  in-  L;iy  <''^  li'is  tiisianre  on  0  V,  thus  locating  the 
point  //.  The  pressure  is  Ino  lb.  per  sq.  in.  throughout  the 
distance  O  /.;  hence,  drawing  //J/ parallel  to  OX,  it  is  evi- 
dent that  any  ordinate  measured  from  OX  to  this  line,  with 
a  scale  of  1  in.  =  ->0  lli.,  will  ecpial  100  lb.  pressure  per  sq. 
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in.  When  the  piston  begins  to  move  away  from  the  posi- 
tion A  Zr,  the  pressure  begins  to  fall,  and  the  volume  to  in- 
crease. The  pressures  corresponding  to  a  number  of  dif- 
ferent  positions   of   the   piston   calculated  by  the  formula 

P,  =  - —  are  as  follows : 


When  p 
When  p 
When  p 
When  p 
When  p 
When  p 
When  p 
When  p 


iston  has  moved  ^  ft. ,  or  to  d,  pressure  =  66f-  lb. 
iston  has  moved  1  ft. ,  or  to  K,  pressure  =  50  lb. 
iston  has  moved  1^  ft. ,  or  to  /*,  pressure  =  40  Jb. 
Iston  has  moved  2  ft.,  or  to  /,  pressure  =  33 J  lb. 
iston  has  moved  2^  ft.,  or  to  //,  pressure  =  28i^  lb. 
iston  has  moved  3  ft.,  or  to  Gy  pressure  =  25  lb. 
iston  has  moved  3^^  ft.,  or  to  k,  pressure  =  22 {  lb. 
iston  has  moved  4    ft.,  or  to  /%  pressure  =  20    lb. 

At  the  points  d^  K^  f^  /,  //,  G^  ky  F  erect  brdinates,  and 
make  them  equal  in  length  to  the  pressure  at  that  point, 
drawn  to  the  scale  of  1  in.  =  20  lb. ;  that  is,  make  c  dz=^  66f 
lb.,  B K  ^=  bO  lb.,  etc.,  and  through  the  points  A^c,  B,  e^  C, 
gy  Z7,  /,  E  draw  the  curve  shown  in  the  figure.  If  care  has 
been  taken  in  drawing  this  figure,  any  ordinate  drawn  from 
a  point  on  the  line  O  X  and  limited  by  the  curve  will  indi- 
cate exactly  the  pressure  of  the  air  in  the  cylinder  when  the 
piston  is  at  that  point.  Thus,  suppose  it  is  desired  to  know 
the  pressure  when  the  piston  is  at  the  point  5.  Erect  the 
ordinate  S  R^  and  measure  it  with  the  same  scale  that  was 
used  to  measure  the  other  ordinates;  the  reading  on  the 
scale  will  be  the  pressure  at  that  point. 

2109*  In  order  to  find  the  work  done  by  the  air  while 
the  piston  was  traveling  from  L  to  F^  and  during  which  the 
pressure  fell  from  A  Z,  or  100  lb.  per  square  in.,  to  E F^  or  20 
lb.  per  sq.  in.,  the  average  pressure  or  mean  ordinate  must 
be  known.  This  can  be  found  by  dividing  LF^  Fig.  099, 
'  into  any  convenient  number  of  equal  parts ;  in  this  case,  8. 
Erect  ordinates  at  the  points  of  division,  thus  dividing  the 
area  A  E FL  into  8  parts.  At  the  middle  points  of  the 
divisions,  the  ordinates  1-1,  2-2 ^  3-3 ^  etc.,  are  drawn 
and  measured,  the  lengths  being  marked  on  the  drawing. 
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The  sum  of  thosL-  middle  ordinates  is  80  +  57.1+44.4+ 
30.4  +  30.8 +  2(;.r +  23.5  +  21  =  319.9.  Then,  the  mean 
pressure  =  319.9 -f- 8  =  39.9!)  lb.  per  sq.  in.  Calling  the 
mean  pressure  40  lb.  per  sq.  in.,  the  work  which  the  air 
does  in  expanding  from  L  to  7^  at  a  constant  temperature 
is  equal  to  the  area  of  the  piston  in  square  innhes,  multiplied 


by  the  mean  prcssun-  por  square  inch,  multiplied  by  the 
distance  \\\  feet  through  whirh  it  moves  —  144  x  -iO  X  4  = 
2:(,(I4()  friot-puunds. 

Suppose  tliat  the  number  of  purts  had  been  doubled;  that 
is,  that  Ihf  line  /,  F  had  been  divided  into  10  equal  parts, 
instead  of  S,  the  sum  of  iho  ordinates  drawn  at  the  middle 
of  these  parts  then  would  have  been: 
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88.9  +  72.7  +  61.5  +  53.3  +  47.1  +  42.1  +  38.1  +  34.8  + 
J24-29.6  +  27.G  +  25.8  +  24.^  +  22.9  +  21.0  +  20.5  =  642.7. 

642.7  -=-  16  =  40.17  lb.  per  sq.  in. 

144  X  40.17  X  4  =  23,138  foot-pounds,  nearly. 

A  sufficiently  close  result  for  all  practical  purposes  can  be 
)btained  by  dividing  AEFL  into  10  parts. 

21  lO.  The  curve  shown  in  Fig.  698  is  called  the 
aothermal  expansion  curve,  or  the  expansion  curve 
»f  constant  temperature.  It  is  known  in  mathematics 
s  the  equilateral  liyperbola,  and,  hence,  when  used  on 
idicator-diagrams,  is  sometimes  called  the  liyperbolic 
tirve  of  expansion. 

2111*  If  the  air  or  gas  w^re  compressed,  the  action 
'ould  be  exactly  the  reverse  of  the  expansion.  Heat  would 
ave  to  be  abstracted  instead  of  added;  the  pressure 
ould  increase  instead  of  decreasing,  and  the  volume 
ecrease  instead  of  increasing. 

In  Fig.  700,  let  .£ /^ represent  the  initial  pressure  =  20  lb. 
ir  sq.  in.,  OF  the  initial  volume  =  5  cu.  ft.  As  the 
)lume  decreases,  the  pressure  will  increase,  as  indicated  by 
le  curve  E  D  C B  A^  when  the  temperature  is  kept  constant. 

21 1 2.  Suppose  that  a  volume  of  air  expands  from  the 
me  initial  volume  and  pressure  as  in  the  case  of  Fig.  698, 
it  that  n6  heat  is  added  or  taken  away;  the  temperature 
11  fall;  the  pressure  will  fall  much  faster  than  in  the  case 
isothermal  expansion.  If  the  air  be  compressed  as  in 
g.  700,  and  no  heat  is  added  or  taken  away,  the  tempera- 
re  will  rise;  the  pressure  will  increase  much  faster  than 
the  case  of  isothermal  compression.  The  formula  which 
presses  this  change  of  pressure  and  volume  requires  a 
ble  of  logarithms  in  order  to  calculate  the  values;  for  this 
ison,  the  formula  will  not  be  given  here.  The  work  which 
e  air  can  do  when  expanding  under  these  conditions  is 
nsiderably  less  than  when  it  expands  isothermally.  In 
ier  to  show  this  difference  between  the  two  cases,  the 
essures   have  been   calculated   which  correspond   to   the 
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different  positions  of  the  piston  in  Fig.   fiOS,  and  the  ft 
lowing  results  were  obtained: 


Pressure  corresponding  to 
Pressure  corresponding  to 
Pressure  corresponding  to  vol 
Pressure  corresponding  to  vol 
Pressure  corresponding  to  vol 
Pressure  corresponding  to  vol 
Pressure  corresponding  to  vol 
Pressure  corresponding  to  vol 


ilume  O  (/  =  66.6  lb. 
)iume  0A"=  37.63  lb. 
.lurae  C/  =  a7.47lb. 
.lume  O  7  =  21.25  lb. 
.lume  O  h  =  17.1  lb. 
.lume  O  G=  14.0  lb. 
ilume  O  ^  =  12.0  lb. 
.lume  (3j^=I0.34lb* 


Making  the  difEcrcnt  nr 
pressures  and  using  the  s; 
the  curve  shown  in  Fig.  ' 


:s  equal  in  length  to  thes 

ale  an  before,  1  in.=  20lb 

produced   by  tracing  ih 
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line  A  B  C  D  E  through  these  points.  It  will  be  noticed 
that  the  area  ol  A  £  F  L,  in  Fig.  701,  is  considerably 
smaller  than  in  Fig.  G08;  consequently,  the  mean  pressure  is 
less,  and  the  work  done  in  expanding  is  less.  This  was  to 
be  expected,  since,  no  heat  being  added,  the  temperature 
must  fall,  and  with  it  the  pressure  also.  Erecting  ordinates 
M  the  middle  points  of  these  divisions  and  measuring  them 


"*  a  manner  similar  to  the  approximate  method  of  finding 
*ne  mean  pressure  followed  in  Pig.  C99,  the  mean  pressure 

's  found  to  be : 

73+45..54-31.9+24+19+I5..')+i;)+ll.l      ,„,  „^ 

^ ■ =20J  lb,  per  sq.  m. 

The  work  done  is  evidently  ]4'l  X  2t>i  X4  =  1(1,770  ft.-lb. 

21 13.     When  a  gas  expands  without  receiving  or  losing 

any  heat,  the  pressure  falls  as  shown  by  Pig.  701,  and  it  is 
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said  to  expand  adiabatlcally.     The  curved  line  A  BCDh 
is  called  the  adlabatlc  curve- 

If  the  volume  of  air  was  5  cu,  ft.,  and  the  pressure  was 
10.34  lb.  per  sq,  in. ;  that  is,  if  the  piston  was  at  E  F, 
Fig.  701,  and  it  was  compressed  to  I  cu.  ft,  and  no  heat 
lost,  the  final  pressure  would  be  100  lb.  as  before;  the  curve 
of  pressures  would  be  the  adiabatic  curve  A  B  C  D  E,as'vi 
the  case  of  expansion.     The  work  which  this  air  would  do 


when  it  expanded  isothermally,  or  ;it  constant  temperature. 
was  found  tu  he  I*:i,(i40  fnut-pounds.  and  when  it  e.ipanded 
adiabatically,  lil.T'i!  fodt-jKxinds,  a  result  considerably  less, 
This  was  lo  bi.-  fxpectL-d,  since,  as  no  heat  was  added,  thf 
heat  required  lu  di>  the  wurk  t>f  expansion  had  to  be  taken 
from  the  gas,  thus  roduciii^j  its  energy  and  the  amount  of 
work  that   it  could  do.      T<>  l-i-ttcr  show  the  effects  of  isu- 


thiT 


,al  : 


,  the 


s  shoi 


Figs.  tiOS  and  lOl  are  drawn  together  in  Fig.  TOi.     H-jre, 
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S  A  B  C  I?  E  is  the  isothermal  curve  of  expansion  or  com- 
pression, and  S'  A  B'  C  D*  E'  is  the  corresponding  adiabatic 
curve.  If  5  cu.  ft.  of  air  having  a  tension  of  20  lb.  per  sq. 
in.  be  compressed  isothermally,  the  curve  of  compression 
would  follow  the  line  E  D  C  B  A  5,  while,  if  compressed 
adiabatically,  the  initial  tension  and  volume  being  the  same, 
it  would  follow  the  dotted  line  E  IV,  Hence,  if  the  air  was 
thus  compressed  to  1  cu.  ft.,  it  is  easy  to  see  that  the  work 
required  would  be  far  more  for  adiabatic  compression  than 
for  isothermal  compression. 

2114*  The  mean  pressure  or  ordinate  of  the  adiabatic 
curve  A  B'  D'  E'  may  be  calculated  directly,  without  draw- 
ing the  curve  and  measuring  the  mean  ordinates  of  the 
equal  parts,  by  the  aid  of  the  following  formula,  which 
gives  the  area  (A)  of  the  space  A  B'  D'  E'  E L: 

^  =  /51^.  (147.) 

Here,  /  and  /,  are  the  greater  and  lesser  pressures,  and  v 
and  z\  their  corresponding  volumes.  For  example,  the 
pressure  corresponding  to  a  volume  of  6  cu.  ft.,  and  denoted 
by  the  ordinate  E'  E,  was  found  to  be  10.34  lb.  per  sq.  in. 
The  greater  pressure  was  100  lb.  per  sq.  in.  and  the  corre- 
sponding volume  1  cu.  ft. ;  hence,  the  area  A  B'  C  D'  E'  EL  is 

^:^Ai^  =  (100  X  1) -(10.34  x_j)  ^  ^^^  3^5  ^^^^ 

.41  .41 

What  these  units  are  when  the  formula  is  applied  to  any 

particular  figure  depends  upon  the  scale  of  pressures  and 

volumes  used.     The  mean  ordinate  can  now  be  found  by 

dividing  this  area  by  the  number  of  cubic  feet  of  volume 

117  805 
represented  by  the  length  LE,  in  this  case  4 ;  thus, j = 

29.45l!^5  lb.  per  sq.  in.  =  mean  ordinate.  Since  the  area  of 
the  piston  is  144  square  inches,  and  as  it  moves  4  feet,  the 
work  it  can  do  is  29.45125  X  144  X  4  =  10,904  foot-pounds. 
The  previous  calculation  gave  10,770  foot-pounds,  a  difference 
of  188  foot-pounds.     The  difference  is  so  slight,  compared 
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with  the  whole  work  done,  that  the  results  are  practically 
the  same. 

2115.  A  little  thought  will  show  that  the  work  done  is 
directly  proportional  to  the  areas,  and  that  the  areas  them- 
selves may  be  considered  as  representing  the  work  done  on 
the  piston  during  one  stroke.  The  mean  pressure  was  just 
now  found  to  be  29.45  lb.  per  sq.  in.  Since  every  inch  of 
length  on  any  ordinate  in  Fig.  702  represents  a  pressure  of 
20  lb.  per  sq.  in.,  the  actual  length  in  inches  of  the  mean 
ordinate  is  20.45  ~  20  =  1.4725  inches.  The  length  of  the 
area  is  4  inches,  and  the  actual  area  is  1.4725  X  4  =:  5.89 
square  inches.  Now,  if,  in  any  diagram  of  this  kind,  the 
actual  area  be  multiplied  by  the  scale  of  pressures  (in  this 
case  20  lb.  per  in.),  then,  by  the  scale  of  volumes  (in  this 
case  1  in.  =  1  cu.  ft.),  and,  finally,  by  the  area  of  1  square 
foot  in  inches,  or  by  144  square  inches,  the  result  is  the  worL 
Hence,  in  this  case  the  work  =  5.89  X  20  X  144  =  16,963  foot- 
pounds, the  same  result  as  before.  The  work  is  represented 
by  the  areas,  and  the  ratio  of  any  two  areas  is  the  same  as 
the  ratio  of  the  works. 

2116.  A  study  of  the  curves  RDCBA  and  E  W  xn 

Fig.  702  will  show  why  the  walls  of  air-compressors  are 
cooled.  Suppose  that  /:  F  represents  a  pressure  of  15  lb.  per 
sq.  in.,  instead  of  20  lb.  as  formerly.  This  is  about  the 
pressure  of  the  atmosphere,  and,  consequently,  the  initial 
pressure  in  llu^  air-compressor  cylinder.  If  the  air  was  not 
cooled  while  bcini^  compressed,  the  pressures  corresponding 
to  the  various  volumes  would  be  given  by  the  dotted  adia- 
batic  curve  E  W.  The  work  required  to  compress  the  air  to 
a  volume  of  1  cu.  ft.  will,  of  course,  be  far  greater  than  that 
required  to  compress  it  isothermally.  The  cooling  water 
tends  in  a  measure  to  keep  the  temperature  constant,  so 
that  the  curve  of  com[)ression  follows  approximately  the  line 
E.  D  C  B  A,  The  extra  work  needed  when  the  air  is  com- 
pressed adiabati(\illy  is  entirely  used  in  heating  the  air,  which 
subsequently  cools  down  to  the*  tcnipen.ture  of  the  external 
air.      This  excess  work  is,  therefore,  entirely  lost,  since,  when 
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the  air  cools,  its  pressure  falls.  Other  things  being  equal, 
the  nearer  the  compression  curve  follows  the  isothermal  curve 
the  more  efficient  is  the  machine. 


AIR-COMPRESSORS. 


INTRODUCTORY. 

2117.  The  reasons  for  using  compressed  air  are  many. 
It  can  be  used  for  driving  any  machine  ordinarily  driven  by 
steam  or  water  without  the  attending  loss  through  condensa- 
tion when  steam  is  transmitted  in  long  pipes,  and  with 
but  a  slight  loss  through  friction,  compared  with  that  sus- 
tained by  water.  If  the  pipes  are  of  reasonably  large  diam- 
eter compared  with  the  amount  of  air  consumed,  the  friction 
loss  may  be  disregarded.  For  example,  200  cubic  feet  of 
air  per  minute  at  a  pressure  of  60  pounds  per  square  inch 
can  be  transmitted  through  1,000  feet  of  3-inch  pipe,  with 
a  loss  of  less  than-l  pound  per  square  inch  in  pressure,  or 
through  a  6-inch  pipe  the  same  distance,  with  a  loss  of  less 
than  i  pound  per  square  inch.  Five  thousand  cubic  feet  of 
air  per  minute  at  60  pounds  pressure  per  square  inch  can  be 
transmitted  through  a  10-inch  pipe  1,000  feet,  with  a  loss  of 
pressure  of  only  IJ  pounds  per  square  inch. 

The  Lehigh  and  Wilkes-Barre  Coal  Company  operate  the 
pumps  in  their  Nottingham  shaft  by  means  of  compressed 
air.  The  air  is  transmitted  one  mile  through  a  12-inch 
pipe,  the  gauges  indicating  45  pounds  at  both  ends. 

At  the  Jeddo  tunnel,  near  Hazleton,  Pa.,  air  at  GO  i)ounds 
pressure  was  conveyed  10,800  feet  through  a  5J-inch  pipe. 
The  amount  transmitted  was  so  small,  compared  with  the 
size  of  the  pipe,  that  the  gauges  placed  at  both  ends  of  the 
pipe  indicated  CO  pounds.  Consequently,  when  deciding 
upon  the  merits  of  a  compressed-air  plant,  the  loss  through 
friction  may  be  neglected,  it  being  only  a  question  of  the 
size  of  the  pipe. 

21 18.  The  first  cost  of  the  apparatus  is  low  compared 
with   other   methods   of   operating    mining-tools.     The  air 
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!^xhausting  from  the  drills,  pumps,  etc.,  assists  in  venti- 
lating the  mine.  The  apparatus  is  durable,  of  light  weight, 
and  occupies  but  little  space.  The  air  outside  of  the  com- 
pressor from  which  its  supply  is  drawn  is  termed  free  air. 
The  lower  the  temperature  of  the  free  air,  the  greater  will 
be  the  efficiency  of  the  compressor.  For  example,  suppose 
the  temperature  of  the  free  air  to  be  0°F.,  and  that  a  cubic 
foot  is- compressed  adiabatically  to  3  atmospheres  gauge;  its 
temperature  will  be  about  225°,  an  increase  of  225°  in  the 
temperature.  If  the  free  air  at  a  temperature  of  60°  be  com- 
pressed adiabatically  to  3  atmospheres  gauge,  its  temperature 
will  be  about  315°,  an  increase  of  315°  -  60°  =  255°;  if  com- 
pressed to  3  atmospheres  gauge  from  a  temperature  of  lOC^, 
its  temperature  after  compression  will  be  about  380°,  an  in- 
crease of  380°  —  100°  =  280°.  If  the  air  be  compressed  to 
7  atmospheres  in  a  manner  similar  tothat  just  described,  and 
from  corresponding  temperatures  of  the  free  air,  the  tem- 
peratures after  compression  will  be  about  380°,  490°,  and 
560°,  respectively.  The  corresponding  increases  in  tem- 
perature will  be  380°,  400°  -  60°  =  430,  and  560°  —  100°  = 
400"'.  If  the  compression  be  carried  farther,  there  will  be 
still  greater  differences.  It  is  thus  plainly  seen  that  the 
Iv  wer  the  temperature  of  the  air  when  it  enters  the  cylin- 
der, the  more  efficient  will  be  the  machine. 

21 19.  For  mining  purposes,  few  compressors  condense 
(compress)  the  air  to  less  than  3  atmospheres  (44.1  pounds 
per  square  inch)  i^auge  pressure,  or  exceed  7  atmospheres 
(102.!)  pounds  per  square  inch)  gauge  pressure.  As  was 
shown  in  the  preceding  pages,  air  becomes  heated  when 
compressed,  and  the  pressure  increases  very  rapidly.  If  no 
means  are  provided  for  cooling  the  air  while  being  com- 
pressed, so  that  it  will  he  kept  at,  as  nearly  as  possible,  the 
same  temperature  it  had  on  entering  the  cylinder,  the  curve 
of  com[)ression  will  follow  the  adiabatic  curve.  When  the 
compressed  air  is  used  near  the  [)oint  where  the  compressor 
is  situated,  it  oeeasion^  no  particular  loss;  but  when  the 
compressor  is  situated  a  thousand  feet  or  more   from  the 
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point  where  the  air  is  used,  and  the  air  has  to  be  transmitted 

to  that  point  through  1,000  feet  or  more  of  pipe,  it  cools 

down  to  the  temperature  of  the  outside  air;  its  pressure 

falls  in  consequence  of  this  loss  of  heat,  and  there  is  a  very 

considerable  loss  of  power.     Add  to  this  the  friction  of  the 

engine  and  compressor,  a  slight  loss  through  friction  of  the 

air  in  the  pipe,  and  the  loss  through  leakage ;  the  result  is 

that,  even  when  the  air  has  been  cooled  to  a  greater  or  less 

extent,  according  to  the  type  of  compressor,  the  efficiency 

averages  about  50^,  being  above  that  in  some  plants  and 

below  in  others.     By  efficiency  is  meant   the  ratio   of   the 

work  obtained  from  the  air  to  the  work  done  in  compressing 

it.     The  first  can  be  obtained  when  the  pressure  and  amount 

of  air  used  in  a  given  time  is  known,  and  the  last  is  found 

from  the  indicator-card  of  the  steam-engine,  or  by  other 

means  if  some  other  motor  is  used.     Thus,  suppose  that  the 

indicated  horsepower  of  the  steam-cylinder  is  23. 45  and  the 

power  obtained  from  the  compressed  air  is  13.8  horsepower, 

13  8 
the  efficiency  would  be       .g  =  .5885,  or  58.85^. 

Unless  the  air  is  cooled  during  compression,  or  some  other 
device  (to  be  described  farther  on)  is  employed,  the  efficiency 
will  fall  below  the  60^  average  given  above. 


TYPES  OF  AIR-COMPRESSORS. 


WBT  COMPRESSORS. 

2120«  There  are  two  systems  in  use  by  which  it  is 
attempted  to  absorb  the  heat  developed  during  compression. 
They  are  so  different  in  their  methods  of  cooling  and  in  the 
results  obtained  that  it  is  usual  to  make  two  distinct  classes 
of  them,  viz.,  wet  cojnpressors  and  dry  compressors. 

2121.  A  'wct  compressor  is  one  in  which  the  water 
is  introduced  directly  into  the  air-cylinder,  and  thus  brought 
into  contact  with  the  air.  It  is  made  in  two  forms;  in  one, 
the  water  is  injected  into  the  cylinder  in  the  form  of  a  finely 
4ivided  spray,  thus  mixing  thoroughly  with  the  air;  in  the 
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other  iorm,  the  cylinder  is  filled  with  water  on  both  sides  of 
the  piston,  the  air  being  admitted  above  the  water,  and  is 
compressed  by  the  water  rather  than  by  the  piston. 

2122.  In  Fig.  r03  is  shown  a  Dubois  &  Francois 
hlKta-speed  double-acting  ivater-injectlon  air-com- 
pressor. In  order  to  more  clearly  show  the  valve  arrange- 
ments, etc.,  a  section  of  the  air-cylinder  only  is  given.  The 
piston  rod  R  is  connected  at  its  other  end  to  the  piston  of  a 


steam -engine,  which  affords  t!ic  power  needed  for  the  com- 
pression. Let  the  piston  lie  moving  in  the  direction  of  the 
ariow.  The  v;ilve  v  is  npen,  and  the  air  is  following  the 
piston  durLii^r  the  stroke.  The  water  is  being  injected 
through  the  tvvc,  inlets  /:  and  E'.  On  the  right-hand  side 
of  the  piston,  the  water  is  being  shoved  upwards  to  fill  the 
clearance  space  !>i:tweeii  the  piston  and  the  discharge-valve 
ti';  the  air  which  orciipied  this  space  is  compressed,  and 
kef|>s  the  i-ilet-vaive  v'  against  its  seat.  When  the  air 
readies  a  certain  pressure,  which  can  be  fixed  to  suit  the 
purpose  for  which  the  air  is  to  be  used,  the  discharge-valve 
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d'  IS  raised,  and  the  air  passes  out  and  is  discharged  through 
the  delivery-pipe  C  into  a  conduit.  Any  excess  of  water  is 
also  discharged  through  the  valve  d*  into  the  conduit,  but 
is  collected  and  forced  back  into  the  cylinder  through  the 
nozzles  E  and  E\ 

Suppose  the  piston  to  be  on  the  return  stroke.  The 
valve  d'  falls;  the  weight  of  the  water  causes  it  to  fall  and 
follow  up  the  piston,  leaving  a  vacuum  behind  it.  The 
pressure  of  the  atmosphere  against  the  left  side  of  the  valve 
:/  forces  it  to  the  right,  and,  with  it,  the  valve  v  against  its 
seat.  The  air  then  flows  in  and  follows  up  the  piston  on  the 
right  side  and  is  compressed  on  the  left  side,  the  operation 
being  repeated  exactly  as  before  described.  It  will  be 
noticed  that  both  discharge-valves  open  into  the  same 
delivery-pipe  C.  This  is  called  a  double-acting  com- 
pressor, because  the  air  is  compressed  on  both  sides  of  the 
piston,  that  is,  twice  during  each  revolution  of  the  crank-pin. 

2123.  In  Fig.  704  is  shown  an  elevation  and  section 
through  the  air-cylinder  of  a  Burlelsii  sln^le-actiiiK 
vertical  air-compressor*  Only  one  cylinder  is  seen  in 
the  cut,  but  there  are  two  more  behind  the  one  shown — an 
air-cylinder,  and  a  steam-cylinder  to  drive  the  compressor. 
The  cranks  of  the  air-cylinders  are  set  directly  opposite  each 
other,  so  that  they  are  on  the  opposite  dead-points  at  the 
same  instant.  The  air  is  compressed  during  the  upward 
stroke,  and  admitted  during  the  downward  stroke.  The 
piston  has  a  large  valve  K  in  it  which  is  raised  during  the 
downward  stroke,  allowing  the  free  air  to  enter  and  fill 
the  cylinder;  at  the  same  time,  water  is  injected  through 
the  pipe  S.  The  water  is  not  sprayed  in  during  compression, 
as  in  the  compressor  previously  described.  It  nearly  fills 
the  clearance  space,  and  cools  the  air  somewhat  by  reason  of 
cooling  the  cylinder  walls  and  compelling  the  air  to  come 
into  contact  with  it  when  resting  on  top  of  the  piston  during 
the  up  stroke.  The  discharge-valve  d  is  raised  when  the 
pressure  reaches  the  desired  point,  the  air  passing  out 
through  the  delivery -pipe  C. 
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212^  In  direct-acting  air-compressors  where  tiie  air- 
cylinder  is  behind  the  steam-cylinder,  acid  both  air-piston 
and  steatn-piston  are  connected  to  the  same  rod,  the  point  o£ 
greatest  compression  is  the  point  where  the  steam  pressure 
is  nearing  its  lowest  point,  unless  there  is  no  cut-off,  and  the 
steam  follows  the  piston  for  the  full  stroke  at  initial  pressure. 
This,  however,  is  very  wasteful  of  steam,  and  with  a  single 
steam  and  air  cylinder  in  line,  the  compressor  requires  a 
heavy  fly-wheel  in  order  to  have  a  cut-off.  In  the  Burleigh 
compressor,  the  crank  of  the  steam-cylinder  is  so  set  that 
when  the  cranks  of  the  air-cylinder  are  on  their  dead-points, 
the  steam-piston  will  have  advanced  only  about  ^  of  its 
stroke.  The  steam-cylinder  is,  of  course,  double-acting, 
and  by  this  arrangement  the  full  steam  pressure  acts  upon 
the  air-piston  at  the  point  of  greatest  compression, 

2125.  Another  type  of  the  wet  compressor  is  shown  in 
Fig.  705.  The  water  surrounds  the  piston  on  both  sides 
and  partly  fills  the  chambers  above.     Suppose  the  piston  to 
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be  moving  to  the  left ;  the  water  in  the  chamber  A  falls, 
following  the  piston,  and  leaves  a  vacuum  behind  it.  The 
pressure  of  the  free  air  causes  the  valve  C  to  open,  and  the 
chamber  A  is  thus  filled  with  air  at  atmospheric  pressure. 
In  the  mean  time,  the  air  in  B  is  compressed,  and  when  the 
desired  pressure  is  reached,  the  valve  at  D'  (similar  to  D)  is 
raised,  and  the  air  is  discharged  into  the  delivery-pipe  L. 
When  the  piston  begins  its  return  stroke,  the  pressure  of 
the  air  in  the  delivery-pipe  causes  the  valve  D'  to  close;  the 
inlet- valve  at  C  opens,  and  the  foregoing  process  is  repeat- 
ed. The  chambers  A  and  B^  the  valves  C  and  C\  and  also 
the  valves  D  and  D\  are  exactly  alike. 

2126.  The  type  of  air-compressor  last  described  is 
much  inferior  to  the  water-injection  type.  It  has  all  of  the 
disadvantages  of  the  wet-compressor  class,  and,  in  addition, 
it  will  not  deliver  as  cool  air  as  a  compressor  in  which  the 
water  is  injected  in  the  form  of  a  fine  spray  and  thoroughly 
mixed  with  the  air.  The  following  are  the  principal  objec- 
tions to  the  wet-compressor  class: 

I.  The  impurities  in  the  water.  The  water  may  be  strong- 
ly acid  or  strongly  alkaline,  and  act  chemically  upon  the 
metal  surfaces,  thus  gradually  destroying  them.  It  may 
contain  dirt  and  grit,  and  thus  wear  out  the  cylinders,  pis- 
tons, packing,  etc.,  very  rapidly. 

II.  The  water  renders  lubrication  difficult,  owing  to  the 
fact  that  oil  floats  on  its  surface.  This  also  increases  the 
wear  of  the  parts. 

III.  The  water  absorbs  a  considerable  portion  of  the  com- 
pressed air,  which  is,  of  course,  entirely  lost. 

IV.  There  is  a  loss  of  power,  owing  to  the  inertia  of  the 
water,  the  engine  being  required  to  put  it  in  motion  and 
bring  it  to  rest  during  every  stroke. 

V.  The  speed  of  the  compressor  is  limited  to  that  of  a 
water-pump,  the  average  piston  speed  of  which  is  about  100 
feet  per  minute. 

VI.  The  greatest  ol^jection  is  that,  when  the  wet  air  is 
used  expansively,  the   moisture  freezes  in  the  cylinder  and 
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exhaust-pipes,  owing  to  the  temperature  of  the  expanding 
air  falling  many  degrees  below  zero.  The  ice  collects,  and 
in  many  cases  stops  the  engine.  This  last  objection  has 
been  almost  eliminated,  owing  to  the  means  employed  to 
rid  the  air  of  its  moisture  when  in  the  receiver. 

2127.  The  arguments  in  favor  of  the  wet  compressor, 
particularly  of  the  injection  type,  are  that  the  air  is  com- 
pressed nearly  isothermally,  and  there  is  no  loss,  owing  to 
the  large  clearance  space  between  the  piston  and  the  valves 
when  the  piston  is  at  the  end  of  its  stroke.  Diagrams 
taken  from  the  cylinders  of  a  wet  compressor  of  the  injec- 
tion type  gave  the  following  results:  The  work  expended 
in  compressing  10.76  cubic  feet  of  air  to  4.21  atmospheres 
was  38,128  foot-pounds.  Compressed  isothermally,  the  work 
would  have  been  37,534  foot-pounds,  the  difference  being 
694  foot-pounds,  or  a  loss  of  1,6^,  Compressed  adiabatical- 
ly,  the  work  would  have  been  48,158  foot-pounds.  The  tem- 
perature of  the  air  on  entering  the  cylinder  was  50°  F.,  and, 
on  leaving,  62°  P.,  an  increase  of  only  12°  F.  Had  the  air 
not  been  cooled,  the  resulting  temperature  would  have  been 
352**  P.,  and  the  increase,  352° -50°  =  302°  P. 


DRY  COMPRB8SOR9. 

21 28#  In  Pig.  706  is  shown  a  Clayton  double-actlns: 
"water-Jacketed  air-compressor.  The  steam  and  air 
cylinders  are  in  line  with  each  other,  but  are  situated  on 
opposite  ends  of  the  bed-plate,  with  the  crank-shaft  and  fly- 
wheel between  them.  The  peculiar  construction  of  the 
cross-head  permits  this.  The  two  parts  Cy  C  of  the  cross- 
head  are  joined  by  two  strong  rods  Z>,  of  which  only  the 
upper  one  is  visible.  The  bottom  of  the  bed  is  planed,  and 
the  cross-head  slides  upon  it  as  a  guide.  H  is  the  air- 
delivery  pipe.  The  object  of  placing  the  fly-wheel  in  the 
center,  and  having  the  two  cylinders  opposite  each  other, 
instead  of  tandem,  or  one  behind  the  other,  is  to  economize 
room. 
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A  section  of  the  air-cylinder  is  shown  in  Fig.  707.  Sup- 
pose the  piston  to  be  moving  in  the  direction  indicated  by 
the  arrow.  The  suction-valves  (inlet-valves)  D\  which  open 
inwards,  are  forced  to  their  seats  by  the  pressure  of  the  air 
in  front  of  them,  and  the  discharge-valves  F'  are  forced 
open  for  the  same  reason,  when  the  air  reaches  the  desired 
pressure,  which  is  determined  by  the  tension  of  the  springs 
at  E '.  The  air  follows  the  arrows  and  discharges  through 
//,  being  prevented  from  entering  the  other  end  of  the 
cylinder  by  reason  of  the  spring  Ji  pressing  the  valves  F  to 


their  seats.  While  the  piston  has  been  moving  as  described 
and  leaving  a  viicuiini  behind  it,  the  atmospheric  air  has 
forced  o{>cn  the  valves  J)  against  the  resist.ince  of  the 
springs  C,  allowing  the  frirc  air  to  eiiter  the  cylinder.  At 
the  instant  that  the  piston  n-;ichcs  the  end  of  its  stroke,  the 
springs  (^'draw  the  valves  /J  to  their  scats  and  prevent  the 
air  retained  in  the  cylinder  fmni  passing  out.  The  process 
is  again  repealed,  the  discharge  being  through  the  valves  F 
in  the  left-hand  end  of  the  cylinder. 

This  illustration  alsashmvs  the  manner  of  cooling  the  air; 
the  walls  of  the  cylindiT  are  h.illciw,  and  the  water  enters 
through  the  U-sha])cd  pipe  A'  A'  (see  also  Fig,  70(;),  flowing 
around  the  cylinder  until  it  finally  j>asses  out  through  the 
water-delivery  pipe  L.     The  cold  water  cools  the  cylinder 
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walls,  which,  in  turn,  cool  the  air.     This  method  of  coolir 


by  having  the  water  circulate  around  the  hollow  cylinder 
walls  is  termed  a  water-jacket. 

2120.  The  clearance  space  has  been  mentioned  several 
times  in  the  preceding  pages,  as  if  it  exerted  a  prejudicial 
effect  upon  the  working  of  the  compressor.  To  show  the 
effect  which  it  really  produces,  assume  that  the  air  has  been 
compressed  isothermally.  In  this  case,  there  would  be  a 
certain  loss  of  power,  owing  to  heat  having  been  produced 
and  then  absorbed  by  the  cooling  methods  employed.  As 
part  of  the  air  was  not  discharged,  the  work  required  to  heat 
this  air  has  been  lost.  Had  the  air  been  compressed  adia- 
batically,  the  extra  heat  due  to  compression  retained  by  the 
air  in  the  clearance  space  is  given  up  during  the  return 
stroke,  and  assists  in  the  work  of  compression.     The  best 
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air- com  pressors  give  results  midway  between  the  isothermal 
and  adiabatic  compression,  and  when  the  clearance  space  is 
not  excessive,  the  loss  due  to  it  is  so  small  that  it  may  bf 
practically  neglected. 

2130.  A  section  of  the  air-cylinder  of  a  compressor  in 
which  the  clearance  is  reduced  to  a  very  small  amount  is 
shown  in  Fig.  708.  This  is  an  InKemoll-SergeaaC  piston- 
Inlet   GompresBor.     The   piston   is  cast  hollow,  the  rod 


being  fastened  to  it  by  means  of  a  nut,  as  shown.  A  tube.^, 
(if  s\ich  length  that,  whun  the  piston  is  at  the  left-hand  end 
of  its  stroke,  its  end  will  project  through  the  stuffing-box 
on  the  right-hand  side,  is  screwed  into  the  right-hand  side 
of  the  piston.  The  atmospheric  air  communicates  with  the 
hollow  space  in  the  piston  liy  means  of  the  tube  A,  as  shown 
in  the  figure.  On  l>otli  sidfs  of  the  piston  is  a  ring  B  (shown 
in  perspective  at  the  right-liand  side  of  the  section).  It 
■will  be  noticed  that  the  ring  has  an  extension  in  the  form  of 
a  hollow  cylinder  on  which  arc  lugs  C  having  oblong  holes. 
On  the  piston  itself  arc  taper  pins  V,  which  fit  loosely  in  the 
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)f  the  lugs,  so  that  a  slight  forward  or  backward 
lent  of  the  ring  can  be  obtained.  These  rings  form 
et-valves,  and  operate  as  follows:  Suppose  that  the 
is  moving  in  the  direction  indicated  by  the  arrow  on 
Jton-rod.  The  right-hand  side  valve  B  is  open ;  the 
nd  side  valve  B  is  closed  by  reason  of  the  pressure  of 
npressed  air  acting  against  it.  The  free  air  enters  the 
through  the  tube  Ay  and  flows  out  through  the  right- 
ide  inlet-valve  B  into  the  cylinder.  When  the  proper 
re  has  been  reached,  the  delivery-valve  E  opens,  and 

is  discharged,  following  the  direction  indicated  by  the 
;,  out  through  the  pipe  F,  When  the  piston  reaches 
d  of  its  stroke,  and  reverses,  the  valves  B  tend  to 
ue  in  the  former  direction,  according  to  Newton's  first 

motion;  hence,  their  inertia  causes  the  right-hand 
:o  be  thrown,  against  its  seat,  and  the  left-hand  valve 
a.     The  operation  above  described  is  again  repeated, 

that  the  free  air  now  flows  through  the  left-hand 
alve,  and  the  compressed  air  is  discharged  through  G, 
air  is  cooled  by  means  of  a  water-jacket,  the  walls 
hollow  and  the  water  flowing  around  them,  entering 
h  H  and  flowing  out  through  /.  A"  is  a  drain-pipe 
id  with  a  valve,  and  is  for  the  purpose  of  draining  the 
from  the  cylinder.  As  there  are  no  suction-valves  in 
ds  of  the  cylinder,  the  greater  part  of  the  cylinder- 
is  also  water-jacketed.  Oil  drdps  through  the  small 
y,  and  lubricates  the  cylinder.  The  clearance  is  re- 
to  a  very  small  fraction  of  the  cylinder  volume,  and 
npressor  can  be  run  at  as  high  a  speed  as  desired. 


DVPLBX    COMPRESSORS. 

W.  With  the  exception  of  the  Burleigh,  all  of  the 
5SSors  previously  described  have  been  what  are  termed 
rht-llne  compreHsors ;  that  is,  the  center  lines  of 
;am  and  air  cylinders  have  formed  one  straight  line, 
two  straight-line  air-compressors  are  placed  side  by 
aving  a  common  crank-shaft,  they  are  called  dupl 
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compressors.  The  cranks  of  this  type  are  set  at  right 
angles,  and  the  distribution  of  the  power  may  be  understood 
from  Figs.  709  and  710.     In  Fig.   709,  A   and  B  are  the 
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Steam-cylinders,  and  C  and  D  are  the  air-cylinders.  The 
larger  dotted  circle  represents  the  fly-wheel,  and  the  smaller 
one  the  path  of  the  crank-pin.  The  cylinder  A  has  the  full 
steam  pressure  on  its  piston ;  as  but  little  power  is  needed  in 
C  at  this  point,  the  greater  part  of  the  work  is  transmitted 
through  the  shaft  to  the  piston  in  £,  and  from  thence  to 
the  air-piston  D,  where  the  compression  has  now  reached  its 
highest  point.  In  the  cylinder  B^  the  steam  has  expanded 
until  it  is  very  near  its  terminal  pressure,  as  indicated  by 
the  dotted  expansion  line.  In  C,  the  compression  is  just 
beginning. 

In  Fig.  710,  the  two  cranks  of  the  last  figure  are  imagined 
to  have  turned  through  a  quarter  of  a  revolution.     The  con- 


Fig.  710. 

ditions  are  now  reversed.  The  stroke  is  being  completed  in 
A,  and  just  beginning  in  B;  the  air  has  reached  the  point 
of  highest  compression  in  C,  and  the  compression  is  just  be- 
ginning in  />.  The  greater  part  of  the  work  in  B  is  now 
transferred  to  C.  It  will  be  seen  from  this,  that  the  steam 
acts  principally  to  drive  the  air-piston  of  the  cylinder  diag- 
onally opposite  to  it. 
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2132>  An  illustration  of  a  light  duplex  compressor 
made  by  the  Rand  Drill  Co.  is  shown  in  Fig.  711.  It  is  so 
made  that  it  can  easily  be  taken  apart  and  transported  on 


muleback.  A  and  B  are  the  steam-cylinders,  and  C  and  B 
are  the  air-cylinders.  £  is  the  air-delivery  pipe,  and  /"  is 
the  steam -pipe. 

2133.  Some  of  the  advantages  of  the  duplex  type  are 
the  following:  Since  the  cranks  are  set  at  right  angles,  the 
engine  can  not  get  on  its  dead-center.  One  cylinder  can  be 
detached  from  the  other  when  only  half  the  capacity  of  the 
machine  is  required.  The  power  and  resistance  being  equal- 
ized through  opposite  cylinders,  large  fly-wheels  are  not 
necessary. 

2134<  Some  of  the  disadvantages  are:  The  strains  are 
indirect,  angular,  and  intermittent.  It  is  necessary,  there- 
fore, to  greatly  increase  the  strength  of  parts,  to  add  a 
crank  of  increased  diameter  with  larger  bearings,  and  to 
build  very  much  stronger  foundations,  since  excessive  strains 
will  be  brought  upon  the  bearings  should  the  foundations 
settle  at  any  point,   resulting  in  friction  and  liability  to 
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breakage.  The  friction  loss  in  the  duplex  type  is  seldom 
less  than  15;(  of  the  indicated  horsepower  of  the  engine, 
while  in  the  straight-line  type  it  is  sometimes  as  low  as  ^. 


COMPOUND  COMPREBSORB. 

21 35>  When  very  high  pressures  are  desired,  compound 
air-compressors  should  be  used.  In  these  machines  the  air 
is  compressed  usually  to  about  30  pounds  in  the  first  cylin- 
der, and  th^n  delivered  into  the  other  cylinder,  where  it  is 
compressed  to  any  desired  extent. 

2136.  A  compound  air-compressor  built  by  the  Nor- 
walk  Iron  Works  is  shown  in  Fig.  712.  A  is  the  low-pres- 
sure cylinder,  into  which  the  free  air  is  taken.     ^  is  the 
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high-pressure  cylinder,  and  C  is  the  steam-cylinder,  all  three 
beintj  in  line.  The  two  air-cylinders  are  water- jacketed. 
The  air  is  first  compressed  tn  ISO  pounds  per  square  inch  in 
A,  and  is  then  discharged  through  the  large  pipe  D,  called  the 
inter-coolcr,  into  />',  where  it  is  compressed  to  the  required 
pressure.  The  pipe,  or  inter-cnoler,  D  is  also  water-jack- 
eted, so  as  to  cocil  the  air  and  get  it  into  the  high-pres- 
sure cylinder  at  as  low  a  temperature  as  possible.  The 
valves  are  operated  by  means  of  cams  and  levers,  an  ar- 
rangement in  iiiiuiy  respects  suiieiinr  to  the  poppet  or  spring 
valves  of  the  iircviously  drsirilied  cnnipressors.  The  inter- 
cooler  effects  quite  a  saving  in  power,   this  saving  being 
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dependent  upon  the 
temperature  of  the 
air  when  entering 
the  high-pressure 
cylinder,  and  also 
upon  the  ratio  of 
the  volume  of  the 
inter-cooler  and 
clearance  space  out- 
side  of  the  dis- 
charge-valve to  that 
of  the  low-pressure 
cylinder.  The  prin- 
cipal advantage  of 
the  compound  air- 
compressor  lies  in 
the  reduction  of  the 
clearance -space  and 
;  "^  in  the  equalizing  of 
°  the  stresses  on  the 
engine.  By  means 
of  thecompound  air- 
cylinders,  a  pressure 
of  5,000  pounds  per 
square  inch  can  be 
obtained.  Topbtain 
such  a  high  pressure 
as  this  in  a  single 
cylinder  would  re- 
quire a  very  long 
stroke,  and  the  loss 
due  to  clearance 
would  be  excessive. 

2137.     In   Fig. 

7i;i  is  shown  a  sec- 
tion of  a  compound 
air-compressor 
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t  by  the  same  company,  which  differs  from  the  other, 
Q  the  fact  that  it  is  driven  by  a  tandem-compound 
.m-engine.  All  four  cylinders  are  in  the  same  straight 
A  is  the  high  and  B  the  low  pressure  steam-cylin- 
;  C  and  D  are  the  corresponding  air-cylinders.  £  is 
inter-cooler,  which  is  partly  filled  with  pipes  through 
ch  the  cold  cooling  water  circulates.  These  pipes 
de  the  air-current  into  small  streams,  and  enable  nearly 
ry  particle  to  come  into  contact  with  the  cold  sur- 
:,  thus  reducing  the  temp>erature  very  rapidly.  F  is 
cross-head,  and  G  one  of  the  two  fly-wheels.  In  this 
ipressor,  all  of  the  advantages  are  obtained  that  are 
racteristic  of  the  tandem-compound  type  of  engine, 
;ther  with  those  to  be  derived  from  the  compound  com- 
jsor  previously  described ;  in  other  words,  the  consump- 
L  of  steam  is  reduced,  and  the  strains  are  far  more 
ally  distributed  throughout  the  stroke. 

;138.    A  Rand  duplex-compound  air-compressor 
ren    by    a    Corliss    cross-compound    condensingr 

am-ensine  is  shown  in  Fig.  714.  A  and  B  are  the 
h  and  low  pressure  steam-cylinders,  F  being  the  steam- 
e;  Cis  the  low-pressure  air-cylinder.  Air  enters  each 
I  of  the  cylinder  alternately.  The  inlet-valves  7/  are 
uated  f>ositively  by  a  combination  of  levers  and  yokes, 
springs  being  used.  The  air  is  here  compressed  to 
lost  30  pounds,  and  then^  discharged  through  the  pipe  G 
0  the  inter-cooler  -£,  where  the  temperature  is  reduced 
means  of  coiled  pipes  through  which  cold  water  circu- 
es.  From  the  inter-cooler,  the  air  is  conducted  through 
5  pipe  K  into  the  high-pressure  cylinder  D,  where  it  is 
ther  compressed  to  the  required  pressure  and  discharged 
"ough  the  pipe  L  into  the  receiver. 

2139.     Fig.  715  shows  a  plan  and  side  elevation  of  a 
plex  air-compressor  driven  by  water.     The  fly-wheel  F 
5  a  large  number  of  cup-shaped  projections  on  its  rim. 
e  water  is  conducted  to  the  wheel   by  the  pipe -^,  dis- 
^rging   at  a   high  velocity  and   striking  the  cup-shaped 
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s  causing  the  wheel  Flo  turn.  The  wheel  imparts 
its  motion  to  the 
cross-head  and  pis- 
ton by  means  of  the 
connecting-rod  B, 
thus  compressing 
the  air.  These  ma- 
chines have  a  high 
efficiency  when 
properly  designed, 
and  are  very  simple 
in  their  construc- 
tion. Where  a  nat- 
ural head  of  water, 
say  of  50  feet  or 
more,  is  available, 
they  can  be  used  to 
a  great  advantage. 


RKCEIVERS. 

2140.  In  all 
cases  governing  the 
use  of  compressed 
air,  there  should  bea 
receiver  placed 
within  at  least  fifiy 
cts  not  only  as  ares- 
ission  from 


Fio.  715.  M 

npressor.      The  rt-txiver  act 
t>t:i)rrei:lslhe  irregularity  of 
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the  compression-cylinder,  and  delivers  it  to  the  hoist,  pump, 
or  drill  with  great  regularity  of  pressure,  in  much  the  same 
manner  that  a  boiler  delivers  steam  to  an  engine.  In  design- 
ing receivers,  when  the  compressed  air  is  to  be  used  for 
driving  rock-drills,  it  is  customary  to  allow  about  ten  cubic 
feet  of  receiver- volume  for  each  drill;  i.e.,  for  five  drills, 
the  volume  of  the  receiver  would  be  about  50  cubic  feet. 
In  all  cases,  the  larger  the  receiver,  the  better. 

2141 .    In  Fig.  71G  is  shown  a  bortzoptal  alr-recelver, 
and  in  Fig.  717  a  vertical  alr-recelver.     The  air  enters 
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Fig.  717. 

the  receiver  at  A,  flows  through  a  series  of  pipe-coils,  and 
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discharges  through  B.  These  pipe-coils  are  constantly  sur- 
rounded by  water  flowing  through  them;  this  cools  the  air 
and  dries  it  at  the  same  time,  the  moisture  dropping  to  the 
bottom  of  the  coils.  The  glass  gauge  E  indicates  the  amount 
of  moisture  deposited,  and  when  it  gets  higher  than  desired, 
it  is  drained  off.  The  cooHng  water  enters  at  fTand  is  dis- 
charged at  D.  /■'  is  a  gauge  to  show  the  pressure  of  the  air, 
and  /^  is  a  safety-valve  to  prevent  the  pressure  from  becom- 
ing too  high  and  making  the  receiver  dangerous  through 
liability  to  blow  up. 

PRESSURE-REGULATORS. 
2142.     In   addition   to  a   receiver,    an   air-compressor 
should    be    provided    with    a    pressure -regulator.      The 
pressure-regulator  is  to  an  air-compressor  what  a  governor 
is  to  a  steam-engine.     Fig.  713  shows  a  regulator  manufac- 
tlired  by  the  makers  of  the  Norwalk 
compressors.     It   is   placed  on  the 
steam-supply  pipe  of  the  steam-cyl- 
inder, and  its  function  is  to  reduce 
the  amount  of  steam  admitted  to 
the    engine    cylinder    when  the  air 
pressure  reaches  a  fixed  limit  in  the 
rc(i.-ivcr,  and  to  admit  more  steam 
when  the  consumption  of  the  com- 
pressed air  has  increased  to  such  an 
I  e.xtcnt  that  the  pressure  in  the  re- 
i-er  is  lowered.      The  less  steam 
iiitted,    the    slower    the    engine 
cil,  and,   consequently,    the  less 
ihu  amount  of  air  compressed;  the 
Fio.  718.  more  steam  admitted,  the  greater 

the  engine  speed  and  the  greater  the  amount  of  air  com- 
pressed. Hence,  the  amount  of  air  compressed  per  minute 
is  varied  liy  varying  tJio  speed  of  the  compressor. 

In  the  ligure,  A  is  tlie  body  of  a  balanced  globe-valve; 
that  is,  the  pressure  is  the  same  on  all  sides  of  the  valve, 
and  a  very  slight  force  only  is  required  to  move  it  up  or 
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down.  Above  the  valve  is  a  small  cylinder  By  having  a  pis- 
ton connected  to  the  valve  below  by  the  stem  C,  At  the 
side  of  this  cylinder  is  a  small  spring  safety-valve  D^  the 
under  side  of  which  connects  with  the  receiver  by  a  pipe. 
The  hand-wheel  E  varies  the  tension  of  the  spring  so  that 
the  pressure  in  the  receiver  can  be  adjusted  as  desired. 
When  the  pressure  in  the  receiver  has  reached  the  desired 
limit,  the  safety-valve  D  allows  the  air  to  escape  and  pass 
into  the  small  cylinder  B^  beneath  the  piston ;  if  no  escape 
was  provided,  the  piston  would  be  driven  to  the  top  of  the 
cylinder,  the  valve  in  A  would  be  held  to  its  seat,  and  the 
engine  stopped.  To  prevent  this,  a  very  fine  slot  is  cut 
in  the  side  of  the  small  cylinder  B,  When  the  piston  rises, 
it  uncovers  this  slot,  and  thus  furnishes  an  escape  for  the  air 
which  is  passing  the  safety-valve.  If  only  a  little  air  passes 
the  valve,  a  small  part  of  the  slot  will  accommodate  it,  and 
the  piston  will  take  a  low  position,  the  speed  of  the  engine 
being  then  but  slightly  reduced.  If  more  air  escapes,  the 
piston  will  rise  higher,  in  order  to  allow  more  of  the  slot  to 
be  uncovered,  and  thus  provide  a  larger  opening  for  the  exit 
of  the  air,  the  engine  speed  being  still  further  reduced. 
That  the  engine  may  be  prevented  from  entirely  stopping, 
a  screw-stop  F  is  placed  on  the  top  of  the  cylinder  B\  this 
prevents  the  valve  in  A  from  closing  more  than  is  sufficient 
to  run  the  engine  at  the  slowest  speed  that  will  carry  it  over 
the  dead-centers. 

INDICATOR-CARDS. 

2143.  In  Fig.  719  are  shown  two  indicator-cards,  one 
taken  from  the  steam-cylinder  and  the  other  from  the  air- 
cylinder.  The  most  striking  characteristic  of  these  cards  is 
that  the  pressure  of  the  discharged  air  is  considerably  high- 
er than  the  initial  pressure  of  the  steam.  The  area  of  the 
two  cards  is  very  nearly  the  same,  that  of  the  air  card  being 
a  little  less;  this  shows  that  the  work  done  in  both  cylinders 
is  practically  the  same,  the  extra  work  shown  by  the  steam 
card  being  used  to  overcome  the  engine  friction.  The  ex- 
tra energy  of  the  steam  in  the  first  half  of  the  stroke  where 
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it  overcomes  but  a  slight  resistance  is  stored  in  the  fly- 
wheel and  reciprocating  parts,  and  given  out  when  needed  at 
the  end  of  the  stroke.  The  reason  that  the  upper  line  of 
the  air  card  is  wavy  instead  of  being  straight  is  that  the 
dischargc-valvc  has  a  constant  tendency  to  close,  and  is  held 
open  only  by  the  pressure  of  the  air  in  front  o£  it.  This 
varies  somewhat  towards  tlie  end  of  the  stroke,  and  causes 
the  valve  to  have  a  slight  to-and-fro  movement,  which  pro- 
duces the  wavy  line.  If  the  valve  were  worked  in  such  a 
manner  that  it  could  open  at  only  one  point  and  be  closed 
at  another,  like  the  valves  of  an  engine-cylinder,  the  line 


would  be  straight.  The  card  also  shows  that  the  line  CD 
is  vury  nearly  perpendicular  to  the  atmospheric  line  A  B, 
and  also  that  it  is  practically  straight.  This  indicates  that 
the  clearance  is  very  small,  since,  if  there  were  air  of  a  high 
pressure  behind  llic  jiiston  when  it  began  the  return  stroke, 
it  would  expand  and  cause  the  line  C  J)  to  curve,  correspond- 
ing to  the  compression-line  of  a  steam-engine  cylinder  dia- 
gram. This  effect  is  illustrated  in  Fig.  "iO.  The  two 
dotted  lines  in  Fig.  71!)  are  the  adiabatic  and  isothermal 
compression-curves,  the  actual  compression-line  falling  . 
about  half  way  between  them,  owing  to  the  water-jacket. 
These  air  diagrams  serve  not  only  loshow  the  work  actually 
needed  in  llie  air-cylinder,  but  also  to  determine  the  volume 
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of  the  free  air  actually  compressed.  Theoretically,  this 
volume  is  equal  to  the  area  of  the  piston,  multiplied  by  the 
length  of  the  stroke.  Actually,  however,  owing  to  imper- 
fections in  workmanship,  the  air  does  not  begin  to  compress 
at  the  instant  the  piston  begins  its  stroke.  The  point  where 
the  compression  begins  is  indicated  on  the  diagram  by  the 
point  A,  where  the  compression-curve  begins  to  leave  the 
atmospheric  line  B  C.  The  length  of  the  stroke  is  propor- 
tional to  the  length  of  the  atmospheric  line  B  C.     The  ratio 


c 

Pig.  7«0. 


of  the  lengths  oiB  Ato  B  C  will  give  the  percentage  of  theo- 

B  A 
fetical  volume  lost.     In  this  case,  -^-7=?  =  .034,  nearly,  =  ^A%, 


REHEATING     COMPRESSED    AIR. 

21 44.  Air  can,  of  course,  be  expanded  exactly  like 
steam  when  used  as  a  motive  power,  and  the  gain  through 
expansion  is  nearly  as  great  as  in  the  case  of  steam.  The 
chief  difficulty  lies  in  the  intense  cold  produced  by  air,  at  a 
high  pressure  and  normal  temperature,  expanding  down  to 
the  pressure  of  the  atmosphere.  Thus,  if  a  cubic  foot  of  air 
at  a  temperature  of  60°  and  a  pressure  of  88.2  pounds  be  ex- 
panded adiabatically,  performing  work,  to  the  pressure  of 
the  atmosphere,  the  resulting  temperature  will  be  15V  below 
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zero.  Any  moisture  remaining  in  the  air  is  instantly  con- 
verted into  ice,  the  exhaust-passages  are  stopped,  and  the 
engine  or  pump  refuses  to  work.  This  is  remedied  to  some 
extent  by  surrounding  the  cylinder  walls  by  a  warm-water 
jacket,  the  heat  being  taken  from  the  water  and  used  to 
raise  the  temperature  of  the  expanding  air.  Nor  is  this  con- 
dition of  affairs  helped  much  by  using  the  full  air-pressure 
throughout  the  stroke ;  for  the  fall  in  temperature  is  nearly 
as  great  when  it  exhausts  from  the  cylinder  as  it  is  during 
expansion.  In  order  to  use  air  expansively  to  any  extent, 
it  must  be  reheated  near  or  in  the  cylinder  before  being 
allowed  to  do  work. 

2145«  Another  device  for  preventing  the  freezing  of 
the  moisture,  and  stopping  the  exhaust-passages  through 
the  accumulation  of  ice,  is  shown  in  Fig.  721.  A  is  the  de- 
livery (column)  pipe  of  a  pump  operated  by  compressed  air. 
^  is  a  small  auxiliary  pipe  leading  from  A  to  the  exhaust- 
port  of  the  air-cylinder  C,  This  latter  pipe  enters  a  short 
distance  into  the  exhaust-port  directly  opposite  the  exhaust- 
pipe  D.  When  the  valve  E  is  opened,  a  small  stream  of 
water  is  injected  into  the  exhaust-pipe.  The  end  of  the 
pipe  B^  which  is  connected  with  the  exhaust-port,  has  a  large 
number  of  small  holes  in  it,  so  that  the  inflowing  water  is 
delivered  in  the  form  of  a  spray,  mixing  with  the  exhaust 
air  and  raising  the  temperature  to  such  an  extent  that  the 
moisture  no  longer  freezes  and  clogs  up  the  exhaust-passage. 
This  is  a  cheap  and  an  easily  applied  device ;  it  works  well 
in  actual  practice. 

21 46.  Before  explaining  the  methods  of  reheating  the 
air  and  the  advantages  to  be  derived  therefrom,  a  plant  will 
be  described  where  electricity  is  used  to  operate  a  com- 
pressor near  the  drills.  A  rough  sketch  of  the  plant  is 
shown  in  Fig.  722.  A  is  the  motor,  which  is  operated  by  a 
dynamo  at  the  surface.  The  current  is  conveyed  down  the 
shaft  and  to  the  motor  by  means  of  the  wires  E,  The 
motor  drives  the  air-compressor  B.  C  is  the  receiver,  which 
is  felted,  so  as  to  retain  as  much  of  the  heat  as  possible;  the 
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pipe  F  is  also  felted  for  the 
same  reason.  Since,  in  this 
case,  the  air-compressor  is  situ- 
ated close  to  the  drill,  but  little 
heat  is  lost  in  transmission. 
Hence,  the  air  is  compressed 
adiabatlcally,  and  as  much  ol 
the  heat  is  retained  as  is  possi- 
ble, no  effort  being  made  to 
cool  the  air  during  compression. 
The  air  thus  enters  the  drill 
very  hot,  and  leaves  it  at  a 
temperature  but  a  little  lower 
than  that  of  the  free  air.  Since 
the  electric  energy  can  be  con- 
veyed for  several  miles  from 
the  generating  station  with  an 
efficiency  of  about  80;^,  and 
f'  there  is  practically  no  loss  due 
„  to  friction  of  the  air,  the  effi- 
cienc\  of  the  whole  apparatus  is 
quite  high 


k  _  --5,7 


2147.     The  advantages  to 

be  gained  from  heating  the  air 
iftcr  It  has  cooled,  owing  m 
transmission  through  great  dii- 
t  lines  are  many.  The  air 
enti  rs  the  cj  Under  at  a  very 
1  igh  temperature,  and  can  be 
iis<.il  i\pansi\cly  without  tlie 
dingtr     f  freezing  its  moisture 

111(1  St  ipping  the  exhaust-outlet. 

riK  w  rk  Av  hich  can  be  obtained 
Ir  m  -I  gi\en  quantity  of  com- 
pr  ss<d  Tir  IS  greatly  increased, 
-ind  the  cost  of  reheating  is 
slight      Unless  the  reheating  is 
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done  in  the  cylinder  of  the  engine  itself,  which  the  compressed 
air  drives,  and  that  during  expansion  (a  scheme  which  has 
not  yet  been  realised  practically),  there  will  be  no  increase 
in  pressure.  This  is  because  air  expands  when  heated,  and 
unless  prevented  from  expanding,  the  pressure  will  not  in- 
crease. The  very  long  column  of  air  behind  that  which  is 
being  reheated  acts  like  an  elastic  cushion,  and  the  increase 
of  volume  is  so  slight  compared  with  the  whole  volume  in 
the  pipe  and  receiver  that  the  increase  in  pressure  is  not 
perceptible.  The  explanation  of  the  increase  of  work  lies 
in  the  fact  that  all  work  obtained  from  air,  steam,  or  gas, 
when  used  as  a  motion-producer,  is  derived  from  the  amount 
of  heat  contained  in  it.  When  the  air  is  heated,  almost  the 
entire  amount  of  heat  generated  by  the  combustion  is  con- 
verted directly  into  work,  while  in  the  best  steam-engines 
not  more  than  12^  to  13^  of  the  heat  energy  of  the  coal  is 
converted  into  work. 

2148.     Fig.  723  shows  a  reheater  in  which  the  air  is 
brought   into   contact  with    the   fuel.     This  illustration  is 
taken    from   a  case  which  was 
put  into  actual  service  in  con- 
nection with  a  rock-drill.     Im- 
mediately above   the   throttle- 
valve  Af  and   near   the   steam    f^ 
(air)  chest  B  of  the  rock-drill,     J 
was   placed    an   enlarged  pipe- 
fitting  Cj  in  the  interior  of  which, 
a  little   above  the  center,  was 
fixed  a  piece  of  wire  gauze  D; 
above    this   gauze,   charcoal   F 
was  thrown,   some  of  it  being 
in  an  incandescent  state.     The 
whole  chamber  was  closed  and 
the  compressed  air  turned  on. 
The   air  thus  brought  into  di- 
rect contact  with  the  burning 
charcoal  was  admitted  into  the 
drill-cylinder  extremely  hot.  j,,o.  723 
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Instead  of  charcoal,  a  substance  called  seatallt  has  been 
used  with  considerable  success,  the  advantage  of  sestalit 
being  that  it  remains  ignited  for  some  length  of  time  after 
the  air  has  been  shut  off,  and  the  products  of  combustion 
are  not  objectionable  when  discharged  in  a  confined  space. 

2149.  Fig.  724  shows  an  electric  reheater.  C  is  the 
air-compressor,  the  compressed  air  being  conveyed  through 
a   pipe   to   the   receiver   D,  and   thence   by   means  of  the 


pipe  /:  to  the  pump  G,  which  is  driven  by  compressed  air, 
and  is  situated,  say,  a  mile  from  the  compressor.  A  dyna- 
mo A,  which  serves  to  \\<^\\  the  mines,  is  situated  in  the 
engine-room,  near  the  compressor.  Near  the  pump  a  resist- 
ance-coil //^is  placed  in  a  cliambcr  through  which  the  com- 
pressed air  must  pass  before  t-ntering  the  pump-cylinder. 
This  resistance-coil  is  made  of  some  highly  refractory 
substance,  which  resists  the  passage  of  the  current  to  such 
an  extent  that  the  electrical  energy  is  converted  into  heat, 
and  thus  heats  the  air.  This  reheater  has  many  advantages. 
There  being  no  combustion,  it  is  perfectly  safe  in  mines 
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filled  with  inflammable  gases,  and  the  ease  with  which  it  is 
applied  or  stopped  by  simply  opening  or  closing  a  switch  also 
recommends  it.  It  is  a  cheap  device,  and  has  been  recently 
employed  in  the  shape  of  a  simple  coil  of  wire  placed  in  the 
air-pipe.  Since  the  loss  of  electric  energy  is  slight  compared 
with  the  loss  of  pressure  in  the  compressed  air,  the  efficiency 
of  the  whole  system  is  increased  by  using  the  electric  wire 
to  reheat  the  air.  It  is  not,  however,  as  economical  as  the 
reheater  previously  mentioned,  but  is  in  many  cases  more 
convenient,  and  for  that  reason  preferable. 

Experience  has  shown  that  air-engines  do  not  work  to 
advantage  at  higher  temperatures  than  350°;  hence,  the 
gain  through  reheating  the  air  is  limited.  The  cost  of  the 
fuel  consumed  during  reheating  is  trifling.  With  the  re- 
heaters  commonly  used,  where  the  air  is  heated  directly 
through  the  combustion  of  charcoal,  it  amounts  to  from  one 
to  two  cents  per  horsepower  per  day.  The  gain  i3  consid- 
erable, and  they  should  be  used  when  practicable. 


THE   CALCULATION  OF    THE    SIZE  OF   AN  AIR- 

COMPRESSOR. 

2150«     It  is  required  to  determine  the  size  of  the  steam 
and  air  cylinders  of  a  duplex  air-compressor  to  furnish  the 
Compressed  air  necessary  to  drive  a  pump  and  a  set  of  rock- 
drills,  28  horsepower  being  necessary  to  drive  them.     To 
calculate  this  problem  accurately  is  very  tedious  and  diffi- 
cult.    Moreover,  it  requires  a  good  knowledge  of  the  appli- 
cation of   logarithms  and  also  of   higher  mathematics   to 
approach  the  subject  with  any  degree  of  success.      Such 
being  the  case,  the  following  approximate  method  will  give 
results  close   enough   for  ordinary  practice.      The   loss  of 
power,  in  common  practice,  where  compressed  air  is  used 
to  drive  machinery  in  mines  and  tunnels,  is  about  70;^  when 
common  American  air-compressors  are  used  and  the  air  is 
transmitted  far  enough  to  lose  the  heat  imparted  to  it  by 
compression.     Where  the  best  compressors  are  used,  the 
loss  is  about  CO^.     In  both  cases,  it  is  assumed  that  the  air 
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has  not  been  reheated  before  being  used.  If  the  best  com- 
pressors and  the  best  reheating  systems  are  used,  the  loss 
may  be  reduced  to  about  20^.  Assume  for  the  present  case 
that  the  loss  is  60^.  Since  the  horsepower  required  is  28  and 
the  loss  QO^f  the  horsepower  of  the  engines  must  be  28  -?- 
.40  =  70  horsepower.  As  the  engines  are  to  be  of  the  duplex 
type,  each  cylinder  must  develop  70  -^  2  =  35  horsepower. 

2151.  To  obtain  the  size  of  the  cylinder,  the  mean 
effective  pressure  (M.  E.  P.)  must  be  known.  This  may 
be  obtained  in  cases  like  the  present,  where  indicator-cards 
can  not  be  taken,  from  formula  144,  using  the  constants 
obtained  from  Table  44,  of  Steam- Engines,  Art.  2069. 

2152.  Suppose  that  the  boiler  pressure  in  the  present 
case  is  70  lb.,  that  the  engine  cuts  off  at  half  stroke,  and 
that  it  is  non-condensing.  The  constant,  taken  from  Table 
44,  for  i  cut-off  is  .847.  Using  formula  144>  M.  E.  P.  = 
.9  [.847  (70  +  14.7)  -  17]  =  49.27  lb.  per  sq.  in.  The  diam- 
eter  of  the  steam-cylinder  may  be  calculated  by  the  following 
formula: 

D  =  7<.).g/^^,  (148.) 

in  which  //=  the  number  of  horsepower  the  engine  is  to 

develop ; 
D  =  diameter  of  cylinder  in  inches; 
r  =  ratio  of  length  of  stroke  to  diameter  of  cylinder; 
P  =  mean  effective  pressure  per  sq.  in.  on  the  piston; 
A'=  number  of  strokes  per  minute. 

Ill  the  present  case,  assume  that  the  stroke  is  1}  times 
the  diameter ;  then,  r  =  !{.    Also,  that  the  number  of  strokes 

per      minute  =  ;j()0;     then,     7)  -^  71). 0  \    -- 


UX  49.27  X30() 
0.811)  inches,  or  say  Dj  in.  Length  of  stroke  =  9 J  X  U ^ 
1 2.344  inches,  or  say  12|  inches.  If  the  air  is  to  be  com- 
pressed to  about  00  or  70  lb.,  it  is  good  practice  to  make  the 
air-cylinders  tlie  same  in  size  as  the  steam-cylinders.  I^ 
the  present  example,  it  would  be  good  practice  to  make  all 
four  cylinders  10  by  12  inches. 
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PHYSICAL    PROPERTIES    OF    AIR    AND 

GASES. 

2153.     Air   is  a   mechanical    mixture    of    two    gases, 

nitrogen  and  oxygen,  and  contains  about  three  parts,  by 

weight,  of  the  former,  to  one  of  the  latter.     As  water  is 

the  most  common  type  of  fluids,  so  air  is  the  most  common 

type  of  gases.      It  was  supposed  by  the  ancients  that  air 

had  no  weight,  and  it  was  not  until  about  the  year  1650 

that  it  was  proven  that  air  really  has  weight.      A  cubic 

inch  of   air,  under   ordinary  conditions,  weighs  .31  grain, 

nearly.     The  ratio  of  the  weight  of  air  to  water  is  about 

1;774;   that   is,  air   is  only  -.j-fj-  ^^  heavy  as  water.     If  a 

vessel  made  of  light  material   be  filled  with  a  gas  lighter 

than  arr,  so  that  the  total  weight  of 

the  vessel  and  gas  is  less  than  the 

air  they  displace,  the  vessel  will  rise. 

It  is  on  this  principle  that  balloons 

are  made. 


2154.  Since  air  has  weight,  it 
is  evident  that  the  enormous 
quantity  of  air  that  constitutes 
the  atmosphere  must  exert  a 
considerable  pressure  upon  the 
earth.  This  is  easily  proven  by 
taking  a  long  glass  tube  closed  at 
one  end  and  filling  it  with  mercury. 
If  the  finger  be  placed  over  the 
open  end  so  as  to  keep  the  mercury 
from  running  out,  and  the  tube  be 
inverted  and  placed  in  a  glass  of 
mercury,  as  shown  in  Fig.  725,  the 
mercury  in  the  tube  will  fall,  then 
rise,  and,  after  a  few  oscillations, 
will  come  to  rest  at  a  height  above 
the  top  of  the  mercury  in  the  glass 
equal    to   about   30  inches.      This 
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height  will  always  be  the  same  under  the  same  atmospheric 
conditions.  Now,  if  the  atmosphere  has  weight,  it  must 
press  upon  the  upper  surface  of  the  mercury  in  the  glass 
with  equal  intensity  upon  every  square  unit,  except  upon 
that  part  of  the  surface  occupied  by  the  tube.  In  order 
that  there  will  be  equilibrium,  the  weight  of  the  mer- 
cury in  the  tube  must  be  equal  to  the  pressure  of  the  air 
upon  an  area  of  the  upper  surface  of  the  mercury  in  the 
glass  equal  to  the  area  of  the  inside  of  the  tube.  Suppose 
that  the  area  of  the  inside  of  the  tube  is  1  square  inch;  then, 
since  mercury  is  13.0  times  as  heavy  as  water,  and  a  cubic 
inch  of  water  weighs  .03017  pound,  the  weight  of  the 
mercurial  column  is  .03017  X  13.0  X  30  =  14.7574  pounds. 
The  actual  height  of  the  mercury  is  a  little  less  than  30 
itiches,  and  the  actual  weight  of  a  cubic  inch  of  distilled  water 
is  a  little  less  than  .03017  pound.  When  these  considera- 
tions are  taken  into  account,  the  average  weight  of  the 
mercurial  column  at  the  level  of  the  sea,  when  the  temper- 
ature is  00°,  is  14.09  pounds,  or,  practically,  14.7  pounds. 
Since  this  weight,  exerted  upon  1  square  inch  of  the  liquid 
in  the  glass,  just  produced  equilibrium,  it  is  plain  that  the 
pressure  of  the  outside  air  is  14.7  pounds  upon  every  square 
inch  of  surface. 

2155*     Vacuum. — The  space  between  the  upper  end  of 

the  tube  and  the  upper  surface  of  the  mercury  is  called  a 
Toriccllian  vacuum,  or  simply  a  vacuum^  meaning  that  it  is 
an  entirely  empty  space,  and  does  not  contain  any  sub- 
stance, solid,  licjuid,  or  gaseous.  If  there  was  a  gas  of  some 
kind  there,  no  matter  how  small  the  quantity  might  be,  it 
would  expand,  filling  the  spare,  and  its  tension  would  cause 
the  column  of  mcrrurv  to  fall  and  become  shorter,  accord- 
ing  to  the  amount  of  gas  or  air  present.  The  space  is  then 
called  2i partial  vacuum.  If  the  mercury  fell  1  inch,  so  that 
the  column  was  only  21)  inches  high,  we  would  sa}',  in  ordi- 
nary language,  that  there  were  2{)  inches  of  vacuum.  If  it 
fell  8  inc^hcs,  wr.  would  say  that  there  were  22  inches  of 
vacuum;  if    ic    fell    10    inches,    we    would    say    that    there 
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rere  14  inches  of  vacuum,  etc.  Hence,  when  the  vacuum- 
gauge  of  a  condensing-engine  shows  2C  inches  of  vacuum; 
there  is  enough  air  in  the  condenser  to  produce 


30 


X   14.7  =   l.£ 


a  pressure  of  — ~ x  14, 7  = 

pounds  per  square  inch. 

If  the  tube  had  been  filled  with  water  instead 
of  mercury,  the  height  of  the  column  of  water  to 
balance  the  pressure  of  the  atmosphere  would 
have  been  30  X  13.6  -  408 inches  =  34  feet.  This 
means  that  if  a  tube  be  filled  with  water,  inverted, 
and  placed  in  a  dish  of  water  in  a  manner  similar 
_  to  the  experiment  made  with  the  mercury,  the 
%  height  of  the  column  of  water  would  be  34  feet. 


2156.  The  barometer  is  an  instrument 
used  for  measuring  the  pressure  of  the  atmosphere. 
There  are  two  kinds  in  general  use,  the  mercu- 
rial barometer  and  the  aneroid  barometer.  The 
mercurial  barometer  is  shown  in  Fig.  72C.  The 
principle  is  the  same  as  the  inverted  tube, 
shown  in  Fig.  ^'iH.  In  this  case,  the  tube  and 
cup  at  the  bottom  are  protected  by  a  brass  or  iron 
casing.  Near  the  top  of  the  tube  is  a  graduated 
scale  which  can  be  read  to  -j-dVo"  ^^  **'^  '"'^'^  ^y 
means  of  a  vernier.  Attached  to  the  casing  is 
an  accurate  thermometer  for  determining  the 
temperature  of  the  outside  air  at  the  time  the 
barometric  observation  is  taken.  '  This  is  neces- 
[r]^'  sary,  since  mercury  expands  when  the  temperature 
1^  is  increased,  and  contracts  when  the  temperature 
)  falls ;  for  this  reason,  a  standard  temperature  is  as- 

sumed, and  all  barometer  readings  are  reduced  to 
this  temperature.  This  standard  temperature  is 
usually  taken  at  33°  F.,  at  which  temperature  the  height  of 
the  mercurial  column  is  30  inches.  Another  correction  is 
made  for  the  altitude  of  the  ]ilace  above  sea-level,  and  a 
third  correction  for  the  effects  of  capillary  attraction. 
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In  Fig.  727  is  shown  a  cut  of  an  aneroid  barometer.  These 
instruments  are  made  in  various  sizes,  from  the  size  of  a 
watch  up  to  an  8  or  10  inch  face.  They  consist  of  a  cylin- 
drical box  of  metal,  with  a  top  of  thin,  elastic,  corrugated 
metal.  The  air  is  removed  from  the  box.  When  the  atmos- 
pheric pressure  increases,  the  lop  is  pressed  inwards,  and, 
when  it  is  diminished,  the  top  is  pressed  outwards  by  its 
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own  elasticity,  aided  by  a  spring  beneath.  These  move- 
meiUs  of  the  cuver  are  transmitted  and  multiplied  by  a 
conibinalioii  nf  delicate  levers,  which  act  upon  an  indei- 
hand,  and  cause  it  to  move  either  to  the  right  or  left,  over 
a  graduated  scale.  Thcsi;  barometers  are  self -correcting 
(compensated)  for  variations  in  temperature.  They  are 
very  portable,  oicupying  liul  a  small  si»ace,  and  are  so  deli- 
cate that  they  are  said  to  show  a  difference  in  the  atmos- 
spheric  pressure  when    transferred  from    the    table    to  the 
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The  mercurial  barometer  is  the  standard.  With 
IS  with  water,  the  lower  we  get,  the  greater  the  pressure, 
:he  higher  we  get,  the  less  the  pressure.  At  the  level 
e  sea,  the  height  of  the  mercurial  column  is  about  30 
»;  at  5,000  feet  above  the  sea,  it  is  24.7  inches;  at 
0  feet  above  the  sea,  it  is  20.5  inches;  at  15,000  feet,  it 
9  inches;  at  3  miles,  it  is  16.4  inches,  and  at  6  miles 
e  the  sea-level,  it  is  8.9  inches. 

.S7»  Density  of  Air. — The  weight  of  a  cubic  foot 
;d  the  density)  also  varies  with  tlie  altitude ;  that  is,  a 
:  foot  of  air  at  an  elevation  of  5,000  feet  above  the 
ivel  will  not  weigh  as  much  as  a  cubic  foot  at  sea-level, 
is  proven  conclusively  by  the  fact  that  at  a  height  of 
lies  the  mercurial  column  measures  but  15  inches,  in- 
ing  that  half  the  t^reight  of  the  entire  atmosphere  is 
r  that.  It  is  known  that  the  height  of  the  earth's  at- 
here  is  at  least  50  miles;  hence,  the  air  just  before 
ling  the  limit  must  be  in  an  exceedingly  rarefied  state. 
iy  means  of  barometers  that  great  heights  are  measured. 
ineroid  barometer  has  the  heights  marked  on  the  dial, 
at  they  can  be  read  directly.  With  the  mercurial  ha- 
ter, the  heights  must  be  calculated  from  the  reading. 

5S.  Atmosplierlc  Pressure. — The  atmospheric 
ure  is  everywhere  present,  and  presses  all  objects  in  all 
tions  with  equal  force.  If  a  book  is  laid  upon  the 
,  the  air  presses  upon  it  in  every  direction  with  an  equal 
Lge  force  of  14.7  pounds  per  square  inch.  It  would 
as  though  it  would  take  considerable  force  to  raise  a 
from  the  table,  since,  if  the  size  of  the  book  were  8 
s  by  5  inches,  the  pressure  upon  it  is  8  X  5  X  14.7  = 
ounds;  but  there  is  an  equal  pressure  beneath  the  book 
unteract  the  pressure  on  the  top.  It  would  now  seem 
3Ugh  it  would  require  a  great  force  to  open  the  book, 
there  are  two  pressures  of  58S  pounds  each,  acting  in 
iite  directions,  and  tending  to  crush  the  book;  so  it 
i  but  for  the  fact  that  there  is  a  layer  of  air  between 
leaf  acting  upwards  and  downwards  with  a  pressure  of 
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14.7  pounds  per  square  inch.  If  two  metal  plates  be  made 
as  perfectly  smooth  and  flat  as  it  is  possible  to  get  thera, 
and  the  edge  of  one  be  laid  upon  the  edge  of  the  other,  so 
that  one  may  be  slid  upon  the  other,  and  thus  exclude  the  air, 
it  will  take  an  immense  force,  compared  with  the  weight  of 
the  plates,  to  separate  them.  This  is  because  the  full  pres- 
sure of  14. 7  pounds  per  square  inch  is  then  exerted  upon  each 
plate,  with  no  counteracting  equal  pressure  between  them. 
If  a  piece  of  flat  glass  be  laid  upon  a  flat  surface  that  has 
been  previously  moistened  with  water,  it  will  require  con- 
siderable force  to  separate  them ;  this  is  because  the  water 
helps  to  fill  up  the  pores  in  the  flat  surface  and  glass,  and 
thus  creates  a  partial  vacuum  between  the  glass  and  the  sur- 
face, thereby  reducing  the  counter-pressure  beneath  the  glass. 

2159.  Tension  of  Gases. — In  Fig.  725,  the  space 
above  the  column  of  mercury  was  said  to  be  a  vacuum,  and 
that  if  any  gas  or  air  was  present  it  would  expand,  its  ten- 
sion forcing  the  column  of  mercury  downwards.  If  enough 
gas  is  admitted  to  cause  the  mercury  to  stand  at  15  inches, 

14.7 
the  tension  of  the  gas  is  evidently  -    —  =  7.35  pounds  per 

square  inch,  since  tlie   ])rcssure  of  the  outside  air  of  14.7 
pounds  per  square  inch  l)alanccs  only  15  inches,  instead  of  30 
inches  of  mercury;  that  is,  it  balances  only  half  as  much  as 
it  would  if  there  were  no  gas  in  the  tube;  therefore,  the 
tension  (pressure)  of  the   gas   in  the  tube  is  7.35  pounds. 
If  more  gas  is  admitted,  until  the  top  of  the  mercurial  col- 
umn is  just  level  with  the  mercury  in  the  cup,  the  gas  in 
the  tube  has  then  a  tension  equal  to  the  outside  j)ressure  of 
the  atmosphere.      Suppose  that  the  bottom  of  the   tube  is 
fitted  with  a  piston,  and  that  the  total  length  of  the  inside 
of  the  tube  is  30  inches.      If  the  piston  be  shoved  upwards 
so  that  the  space  occupied  by  the  gas  is  18  inches  long,  in- 
stead of  30  inches,  the  temi)erature  remaining  the  same  as 
before,  it  will  1  c  found  that  the  t(Mision  of  the  gas  within 
the  tube  is  ^1».4  ])oun(ls.      It  will  b(^  noticed  that  the  volume 
occupied  by  the  gas  is  only  half  that  in  the  tube  before  the 
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1  was  moved,  while  the  pressure  is  twice  as  great,  since 
<  2  =  29.4  pounds.  If  the  piston  be  shoved  up  so 
:he  space  occupied  by  the  gas  is  only  9  inches  instead 
inches,  the  temperature  still  remaining  the  same,  the 
ire  will  be  found  to  be  58.8  pounds  per  square  inch, 
volume  has  again  been  reduced  one-half,  and  the 
ire  increased  two  times,  since  29.4  X  2  =  58.8  pounds, 
volume  now  occupied  by  the  gas  is  9  inches  long, 
ias,  before  the  piston  was  moved,  it  was  36  inches  long  ; 
J  tub^  was  assumed  to  be  of  uniform  diameter  through- 
3  length,  the  volume  is  now  -^^  =  ^^of  its  original  volume. 

Its  pressure   is  —'—  =  4  times   its  original  pressure. 

)ver,  if  the  temperature  of  the  confined  gas  remains 
ime,  the  pressure  and  volume  will  always  vary  in  a 
r  way.  The  law  which  states  these  effects  is  called 
ftte*s  law. 

80.  Marlotte's  La^w. — The  temperature  remainmg 
itne^  the  volume  of  a  given  quantity  of  gas  varies  iyi- 
y  as  the  pressure, 

\  meaning  of  this  is:  If  the  volume  of  the  gas  is  dimin- 
to  -J-,  -J-,  -J-,  etc.,  of  its  former  volume,  the  tension  will 
:reased  2,  3,  5,  etc.,  times,  or,  if  the  outside  pressure 
reased  2,  3,  5,  etc.,  times,  the  volume  of  the  gas  will  be 
ished  to^,  J,  -J-,  etc.,  of  its  original  volume,  the  tem- 
ire  remaining  constant.  It  also  means  that  if  a  gas 
er  a  certain  pressure,  and  the  pressure  is  diminished 
b  i^u»  etc.,  of  its  original  pressure,  that  the  volume  of 
^nfined  gas  will  be  increased  2,  4,  10,  etc.,  times,  its 
n  decreasing  at  the  same  rate. 

►pose  3  cubic  feet  of  air  to  be  under  a  pressure  of  60 
Is  per  square  inch  in  a  cylinder  fitted  with  a  movable 
i;  then,  the  product  of  the  volume  and  pressure  is  3  X 
ISO.  Let  the  volume  be  increased  to  6  cubic  feet ;  then, 
•assure  will  be  30  pounds  per  square  inch,  and  30  X 
^0  as  before.  Let  the  vohime  he  increased  to  24  cubic 
it  is  then  ^^  =  8  times  its  original  volume,  and  the 
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pressure  is  ^  of  its  original  pressure,  or  CO  X  i  =  7^  pounds, 
and  24:  X  7i  =  180,  as  in  the  two  preceding  cases.  It  will 
now  be  noticed  that  if  a  gas  be  enclosed  within  a  confined 
space,  and  allowed  to  expand  without  losing  any  heat,  the 
product  of  the  pressure  and  the  corresponding  volume  for 
one  position  of  the  piston  is  the  same  as  for  any  other  position 
of  the  piston.  If  the  piston  was  to  compress  the  air,  the 
rule  would  still  hold  good. 

Let  /  =  pressure  for  one  position  of  the  piston ; 

p^  =  pressure  for  any  other  position  of  the  piston; 
V  =  volume  corresponding  to  the  pressure/; 
v^  =  volume  corresponding  to  the  pressure  /,. 

Then,  /^^  =  A^'.J  (149.) 

also,  A  =4^';  (150.) 

and  V  ^^.  (151.) 

Knowing  the  volume  and  the  pressure  for  any  position  of 
the  piston  and  the  volume  for  any  other  position,  the  pres- 
sure may  be  calculated  by  formula  150,or  if  the  pressure  is 
known  for  any  other  position,  the  volume  maybe  calculated 
by  formula  151. 

Example. — If  1.H75  cubic  feet  of  air  be  under  a  pressure  of 
72  pounds  per  square  inch,  {a)  what  will  be  the  pressure  when  the 
volume  is  increased  to  2  cubic  feet  ?  (/')  to  3  cubic  feet  ?  (r)  to  9  cubic 
feet  ? 

/   X   ^       /?/       72x1.875       ^.,  , 

Solution. — (<?)  p^  =i- —  = -: =  d<^  pounds  j>er  square  inch. 

Ans. 
(J?)  py^  =  — —    '        —  45  pounds  per  square  inch.     Ans. 

,  .     .         72X1.875       ,-  ,  .     u       -^ 

(r)  /i =  lo  pounds  per  square  inch.     Ans. 

Example. — If  10  cubic  feet  of  air  have  a  tension  of  5.0  jKJunds  per 
square  inch,  (/7)  what  is  the  volume  when  the  tension  is  4  iM)unds? 
{b)  8  pounds  ?    (r)  25  pounds  ?    (r/)  100  pounds  ? 
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Solution.— <tf)  Vi  =  ^-r-  =  — — z —  14  cubic  feet.     Ana. 

Pi  4 

(^)  Vi  =  -^— g =  7  cubic  feet.     Ans. 

o 

(c)  Vx=      Jv —  =  2.24  cubic  feet.     Ans. 

{d)  Vi  =   '       —  =  .56  cubic  foot.     Ans. 

2161*     As  a  necessary  consequence  of  Mariotte's  law, 

it  may  be  stated  that  the  density  of  a  gas  varies  directly  as 

the  pressure  and  inversely  as  the  volume  ;  that  is,  the  density 

iftcreases   as  the  pressure  increases^    and  decreases  as  the 

'^'olume  increases. 

This  is  evident,  since  if  a  gas  has  a  tension  of  two  atmos- 
pheres, or  14.7  X  2=  29.4  pounds  per  square  inch,  it  will 
^eigh  twice  as   much  as   the  same  volume  would  if  the 
tension  was  one  atmosphere,  or  14. 7  pounds  per  square  inch, 
^or,  let  the  volume  be  increased  until  it  is  twice  as  great  as 
the  original  volume,  the  tension  will  then  be  one  atmosphere, 
'^he  total  weight  of  the  gas  has  not  been  changed,  but  there 
3^^e  now  2  cubic  feet  for  every  1  cubic  foot  of  the  original 
Volume,  and  the  weight  of  1  cubic  foot  now  is  only  half  as 
ffreat  as  before.     Thus,  the  density  decreases  as  the  volume 
^^creases,  and  as  an  increase  of  pressure  causes  a  decrease 
^^  volume,  the  density  increases  as  the  pressure  increases. 

Let  D  be  the  density  corresponding  to  the  pressure/  and 
Volume  Vy  and  D^  be  the  density  corresponding  to  the  pres- 
sure/, and  volume  v^.     Then, 

p  :  D::p,:  /?.,  or //),=/.  A  (152.) 

and        v  :  D^w  v^  \  D,   or  v D  =  v^D^,         (153.) 

2162*  Since  the  weight  is  proportional  to  the  density, 
the  weights  may  be  used  in  place  of  the  densities  in  formulas 
152  and  153*  Thus,  let  Wh^  the  weight  of  a  quantity  of 
air  or  other  gas  whose  volume  is  v  and  pressure- is/;  let  JF, 
be  the  weight  of  the  same  quantity  when  the  volume  is  v^ 
and  pressure  is/,.     Then, 

/  :    W\\p^\   \\\,  orp\\\  =/,  W\  (154.) 

V  \   W^'.iv^:   IV,  or  vJV=v^n\.         (155.) 
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Example. — The  weight  of  1  cubic  foot  of  air  at  a  temperature  o* 
60®  F.  and  under  a  pressure  of  1  atmosphere  (14. 7  pounds  per  squat* 
inch)  is  .0763  pound;  what  would  be  the  weight  per  cubic  foot  if  tb* 
volume  was  compressed  until  the  tension  was  6  atmospheres,  the  teix>^ 
perature  still  being  60"  ? 

Solution. — Using  formula  154, 

p  \  W  w  px  \  Wx .  or  1  :  .0763  ::  6  :  W^, ,  or  Wx-  .8815  lb.    Ana. 

Example. — If  in  the  last  example  the  air  had  expanded  until  th9 
tension  was  5  pounds  i>er  square  inch,  what  would  have  been  its  weight 
per  cubic  foot  ? 

Solution.— Here  /  =  14.7,  /» =  5,  and  W^=  .0763.  Hence,  using  the 
same  formula.  14.7  :  .0763  ::  5  :  W^i ,  or  Jf^i  =  .02595  lb.     Ans. 

Example. — If  6.75  cubic  feet  of  air  at  a  temperature  of  60'  F.,  and  a 
pressure  of  one  atmosphere,  are  compressed  to  2.25  cubic  feet  (the 
temperature  still  remaining  60"  F.),  what  is  the  weight  of  a  cubic 
foot  of  the  compressed  air  ? 

Solution. — Using  formula  155, 

V  I  Wx  ::  vx  :  W,  or  6.75  :  Wx  ::  2.25  :  .0768 

...       .0763X6.75       oooo  iu       a 
or  Wx  = Q-^p =  .2289  lb.    Ans. 

2163.     Relation  of  Temperature  to  Volume. — ^In 

all  that  has  been  said  before,  it  has  been  stated  that  the  tem- 
perature was  constant ;  the  reason  for  this  will  now  be  ex- 
plained. Suppose  5  cubic  feet  of  air  to  be  confined  in  a 
cylinder  whose  area  is  10  square  inches,  placed  in  a  vacuum 
so  that  there  will  be  no  pressure  due  to  the  atmosphere, 
and  the  cylinder  be  fitted  with  a  piston  weighing  say  100 
pounds.  The  tension  of  the  gas  will  be  Yo^  =  1^  pounds 
per  square  inch.  Suppose  that  the  temperature  of  the  air  is 
32°  F.,  and  that  it  is  heated  until  the  temperature  is  33°  F., 
or  the  temperature  is  increased  1°;  it  will  be  found  that  the 
piston  has  risen  a  certain  amount,  and,  consequently,  the 
volume  has  increased,  while  the  pressure  is  the  same  as  be- 
fore, or  10  pounds  per  square  inch.  If  more  heat  is  ap- 
plied until  the  temperature  of  the  gas  is  34°  F.,  it  will  be 
found  that  the  piston  has  again  risen  and  the  volume  again 
increased,  while  the  i)ressure  still  remains  the  same.  It 
will  be  found  that  for  every  increase  of  temperature  there 
will  be  a  corresponding  increase  of  volume.  The  law  which 
expresses  this  change  is  called  Gay-Liissac's  law. 
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2164.  Gay-L»u»»ac'»  l^arw. — If  the  pressure  remains 
constant^  every  increase  of  temperature  of  i°  F,  produces  in 
a  given  quantity  of  gas  an  expansion  of-^^  of  its  volume  at 

^F. 

If  the  pressure  remains  constant,  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  F.  will  cause  a  decrease 
ofyfi-o^  the  volume  at  32°  F. 

Let  V  =  volume  of  gas  before  heating; 
v^  =  volume  of  gas  after  heating; 
/  =  temperature  corresponding  to  volume  v\ 
/,  =  temperature  corresponding  to  volume  v^. 

That  is,  the  volume  of  gas  after  heating  {or  cooling)  equals 
f he  original  volume  multiplied  by  459  plus  the  final  tejnpera- 
i^re,  divided  by  ^59  plus  the  original  temperature. 

Example. — ^When  5  cubic  feet  of  air  at  a  temperature  of  45"  are 
heated  under  constant  pressure  up  to  177*,  what  is  its  new  volume  ? 

Solution.—    ^,,  =  z,  ^^±-^^  =  5  x  (^)  =  6.809  cu.  ft.    Ans. 

Suppose  that  a  certain  volume  of  gas  is  confined  in  a  ves- 
sel so  that  it  can  not  expand;  in  other  words,  suppose  that 
the  piston  of  the  cylinder  before  mentioned  to  be  fastened 
^  that  it  can  not  move.     Let  a  gauge  be  placed  on  the  cyl- 
inder so  that  the  tension  of  the  confined  gas  can  be  regis- 
tered.    If  the  gas  is  heated,  it  will  be  found  that  for  every 
increase  of  temperature  of  1**  F.  there  will  be  a  correspond- 
ing increase  of  -j^t  ^^  ^^  tension  at  32°  F. ;  that  is,  the 
volume  remaining  constant,  the  tension  increases  ^^T  ^^  ^^® 
tension  at  32°  F.  for  every  degree  rise  of  temperature. 

Let  /  =  the  original  tension ; 

/  =  the  corresponding  temperature; 
/,  =  any  higher  temperature ; 
/j  =  corresponding  tension. 


'^^«'^'        A=/(l^).  (157.) 
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That  is,  if  a  certain  quantity  of  gas  is  heated  from  /* 
t^^  the  volume  remaining  constant^  the  resulting  tension 
will  be  equal  to  the  original  tension  multiplied  by  ^59  plus  t 
final  temperature,  divided  by  4*59  plus  the  original  temp^ 
ature. 

Example. — If  a  certain  quantity  of  air  is  heated  under  constant  vol- 
ume from  45"  to  177",  what  is  the  resulting  tension,  the  original  tension 
being  14. 7  pounds  f)er  square  inch  ? 

Solution. —   /,  =/(-tfa — ^)  =  14.7X  y^Ki)  =  18-65  lb.  per  sq. iii. 

2165.  Absolute  Zero. — According  to  the  modern  aad 
now  generally  accepted  theory  of  heat,  the  atoms  and 
molecules  of  all  bodies  are  in  an  incessant  state  of  vibration. 
The  vibratory  movement  in  the  liquids  is  faster  than  in  the 
solids;  it  is  faster  in  the  gases  than  in  either  of  the  others. 
Any  increase  of  heat  increases  the  vibrations,  and  a  decrease 
of  heat  decreases  them.  From  experiments  and  calculations 
based  upon  higher  mathematics,  it  has  been  concluded  that 
at  450°  below  zero  on  the  Fahrenheit  scale,  or  at  273**  below 
zero  on  the  Centigrade  scale,  all  these  vibrations  cease. 
This  point  is  called  the  absolute  zero,  and  all  temperatures 
reckoned  from  this  point  are  called  X.\\q  absolute  temperatures. 
The  point  of  absolute  zero  has  never  been  reached  nor 
closely  approached,  the  lowest  recorded  temperature  being 
360°  F.  below  zero,  hut,  nevertheless,  it  has  a  meaning, 
and  is  used  in  many  formulas,  being  nearly  always  denoted 
by  T.  The  ordinary  temperatures  are  denoted  by  /.  When 
the  word  temperature  alone  is  used,  the  meaning  is  the 
same  as  ordinarily  used,  hut  when  absolute  temperature  is 
specified,  450°  F.  must  be  added  to  the  temperature.  The 
absolute  temperature  corresponding  to  212°  F.  is  459°  + 
212°  =  671°  F.  If  the  absolute  temperature  is  given, -the 
ordinary  temperature  may  be  found  by  subtracting  459" 
from  the  absolute  temperature.  Thus,  the  absolute  temper- 
ature being  520°  F.,  what  is  the  temperature  ? 

520°  -  450°  =  61°  F. 


^ 
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Let  /'=  pressure  of  air  per  square  inch ; 
V=  volume  of  air  in  cubic  feet; 
r=  absolute  temperature  of  air; 
IV  =:  weight  of  air  in  pounds. 

Then,  p=  112^1;  (158.) 

^^,3705^.  (159.) 

py 

^  ^.  37052  ^F*  (160.) 

py 

^^^  .37052  7"  (161-) 

Example. — If  40  cubic  feet  of  air  weigh  3.5  pounds,  and  have  s 
temperature  of  82",  what  is  the  pressure  (tension)  in  pounds  per  square 

inch? 

«                        „      .37052  Jf^r      .37052X3.5X541        ,^^ooiu 
Solution. —    P  = p = ^^ — — =  17.539  lb.  per 

sq.  in.    Ans. 

SxAJiPLB. — What  is  the  volume  in  cubic  feet  of  a  certain  quantity 
of  air  having  a  tension  of  17.539  pounds  per  square  inch,  a  temperature 
^f  80',  and  which  weighs  3.5  p6unds  ? 

,^      .S'70!y2lVT     .37052x3.5x541       ,^        .       ^ 
Solution. —     F= -^ = ^  ^    =  40  cu.  ft.  Ans. 

Example. — If  40  cubic  feet  of  air  having  a  tension  of  17.539  fx^unds 
Per  square  inch  weigh  3.5  pK>unds,  what  is  the  temperature  ? 

Solution.-  T= -^^^=  .^^^  =  M1%  nearly.  Hence, 
541'-459"  =  82^     Ans. 

Example. — ^^If  40  cubic  feet  of  air  have  a  tension  of  17.r>:jy  pounds 
per  square  inch,  and  a  temperature  of  82 ^  (a)  what  is  its  weight  ? 
{d)  what  is  its  weight  per  cubic  foot  ? 

c  /  X  r/^  ^^  17.539X40       _  ,„       . 

SoLUTiON.-<^)  ^^  =  :3^o52T  =  J^7052X-541  =  ^'"  "^-    ^"^- 

(d)  3.5  -f.  40  =  .0875  lb.  per  cu.  ft.     Ans. 

2166.  Mixing  of  Gases. — If  two  liquids  which  do  not 
act  chemically  upon  each  other  are  mixed  together  and 
allowed  to  stand,  it  will  be  found  that  after  a  time  the  two 
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liquids   have   separated,  and  the  heavier  has  fallen  to  thii 
bottom.     If  two  equal  vessels  containing  gases  of  differerEi 
densities  be  put  in  communication  with  each  other,  the3i 
will  be  found  to  have  mixed  in  equal  proportions  after    a 
short    time.     If  one   vessel   be   above   the   other,  and  the 
heavier  gas  be  in  the  lower  vessel,  the  same  result  will  occur. 
The  greater  the  difference  of  the  densities  of  the  two  gases, 
the  quicker  they  will  mix.     It  is  assumed  that  no  chemical 
action  takes  place  between  the  two  gases.     When  the  two 
gases  have  the  same  temperature  and  pressure,  the  pressure 
of  the  mixture  will  be  the  same;  this  is  evident,  since  the 
total  volume  has  not  been  changed,  and  unless  the  volume 
or  temperature  changes,  the  pressure  can  not  change.     This 
property  of  the  mixing  of  gases  is  a  very  valuable  one,  since, 
if  they  acted  like  liquids,  carbonic  acid  gas  (the  result  of 
combustion),  which  is  1^  times  as  heavy  as  air,  would  remain 
next  to  the  earth,  instead  of  dispersing  into  the  atmosphere, 
the  result  being  that  no  animal  life  could  exist. 

2167.  Mixtures  of  Equal  Volumes  of  Gases 
Having  Unequal  Pressures. — If  tzuo  gases  having  the 
same  volume  and  temperature^  but  different  pressures^  be  mixd 
in  a  vessel  ivJiose  volume  equals  one  of  the  equal  voUnncsoj 
the  gas^  the  pressure  of  the  mixture  tinll  be  equal  to  the  sum 
of  the  two  pressures,  provided  that  the  temperature  remains 
the  same  as  before. 

Example. — Two  vessels  containing  3  cubic  feet  of  gas,  each  at  a 
temperature  of  G0\  and  at  a  pressure  of  40  pounds  and  25  pounds  per 
square  inch,  respectively,  are  placed  in  communication  with  each  other, 
and  all  the  gas  is  comi)ressed  into  one  vessel.  If  the  temperature  of 
the  mixture  is  also  00\  what  is  the  pressure  ? 

Solution. — According  to  the  rule  just  given,  the  pressure  will  be 
40  4-  25  =  G5  lb.  per  sq.  in.     Ans. 

2168.  Mixture  of  Two  Gases  Having  Unequal 
Volumes  and  Pressures. — 

Let  "i'  and  /  be  the  volume  and  pressure  of  one  of  the  gases. 
Let  7\  and/,  be  the  volume  and  pressure  of  the  other  gas. 
Let   y  and  -Pbe  the  volume  and  pressure  of  the  mixture. 
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Then,  if  the  temperature  remains  the  same, 

V=(J^+f^.  (163.) 

Example. — ^Two  g^ases  of  the  same  temperature,  having  volumes  ol 
7  cubic  feet  and  4^  cubic  feet,  and  tensions  of  25  pounds  and  18  pounds 
per  square  inch,  respectively,  are  mixed  together  in  a  vessel  whose 
volume  is  10  cubic  feet.  The  temperature  remaining  the  same,  what 
is  the  resulting  pressure  ? 

ScHTlox.-    P  =  >^"y-  =  (2-^X7)y8x4|)^  ^  ^  25.6  lb. 

persq.  in.     Ans. 

Example. — ^What  must  be  the  volume  of  a  vessel  which  will  hold 
two  gases  whose  volumes  are  7  cubic  feet  and  4^  cubic  feet,  and  whose 
tensions  are  25  pounds  and  18  pounds  per  square  inch,  respectively,  in 
**nler  that  the  pressure  may  be  25.6  pounds  per  square  inch,  the  tem- 
perature remaining  the  tome  throughout  ? 

Solution.-     V^f''  +/'  "^  =  (25x7)+(18x4i)  ^  ^,  ^^  ^^    ^ 

JT  25.0 
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HYDROSTATICa 


LAWS  OP  LIQUID  PRESSURE. 
9.     Hydrostatics  treats  of  liquids  at  rest  under  the 
ti  forces.     Liquids  are  very  nearly  incompressible.     A 
e  of  15  pounds  per  square  inch  compresses  water  less 
^'jiin  of  its  volume. 

0*     Fig.  728  represents  two  cylindrical  vessels  of  ex- 


i  fitted  1 


1  wooden 


le  same  size.  The  vessel  i 
f  the  same  size  as  the  cyl- 
and  can  move  in  it;  the 
b  is  filled  with  water, 
depth  is  the  same  as  the 
of  the  wooden  block  i: 
essels  are  fitted  with  air- 
istons  P,  whose  areas  are 
sq.  in. 

ose,  for  convenience,  that 
ights    of    the    cylinders, 

block,    and     water     he 
ed,  and   that   a   force 
unds   be  applied   to  both 

The  pressure  per  square 
'iil    be    ^$  =  10   pounds.  fio.  ?s8. 

■essel  a,  this  pressure  will  be  transmitted  to  the  bottom 
/essel,  and  will  be  10  pounds  per  square  inch;  it  is 
see  that  there  will  be  no  pressure  on  the  sides.  In 
sel  i,  an  entirely  different  result  is  obtained.  The 
e  on  the  bottom  will  be  the  same  as  in  the  other  case, 

otie«  of  the  copyright,  see  page  Immedlalelr  follot 
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that  IS,  10  pounds  per  square  inch,  but,  owing  to  the  fact 
that  the  molecules  of  the  water  are  perfectly  free  to  movc^ 
this  pressure  of  10  pounds  per  square  inch  is  transmitted  in 
every  direction  with  the  same  intensity;  that  is  to  say,  the 
pressure  at  any  point,  ^,  d,  ^^fygy  h^  etc.,  due  to  the  force  of 

100  pounds,  is  exactly  the  same,  and  equals  10  pounds  per 
square  inch. 

This  may  be  easily  proven  experimentally  by  means  of 
an  apparatus  like  that  shown  in  Fig.  729.     Let  the  area  of 

the  pistons  a^  b^  r,  //,  ^,  and 
/be  20^  7,  1,  6,  8,  and  4  sq. 
in.,  respectively. 

If  the  pressure  due  to  the 
weight  of  the  water  be 
neglected,  and  a  force  of 
5  pounds  be  applied  at  c 
(whose  area  is  1  sq.  in.),  a 
pressure  of  5  pounds  per 
square  inch  will  be  trans- 
mitted in  all  directions;  in 
order  that  there  shall  be  no 
movement,  a  force  of  6  X  5 
=  30  pounds  must  be  ap- 
plied at  d^  40  pounds  at  r, 
20  pounds  aty,  100  pounds  at  ^,  and  35  pounds  at  b. 

If  a  force  of  1)9  i)ounds  were  applied  to  ^,  instead  of  100 
pounds,  the  piston  a  would  rise,  and  the  other  pistons  b^  r, 
d^  (\  and  f  would  move  inwards ;  but,  if  the  force  applied  to  a 
were  100  pounds,  they  would  all  be  in  equilibrium.      Suppose 

101  pounds  to  be  applied  at  U]  the  pressure  per  square  inch 
would  be  Vft^  =  5.05  pounds,  which  would  be  transmitted  in  all 
directions ;  and,  since  the  pressure  due  to  c  is  only  5  pounds  per 
square  inch,  it  is  now  evident  that  the  piston  a  will  move  down- 
wards, and  the  pistons  b,  r,  d^  i\  and y  will  be  forced  outwards. 

21 71.     The  whole  may  be  summed  up  as  follows  : 

The  pressure  per  unit  of  area  exerted  anywhere  upofi  a  mass 
of  liquid  is  transmitted  undiminished  in  all  directions^  and 
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acts  xvith  the  same  intensity  upon  all  surfaces  in  a  direction 
at  right  aagtes  to  those  surfaces. 

This  law  was  first  discovered  by  Pascal,  and  is  the  most 
important  in  hydromechanics.  Its  meaning  should  be  thor- 
oughly understood. 

Example.— If  the  area  of  the  piston  e  in  Fig.  729  is  8.2.'i  sq.  in.,  and 
a  force  of  150  pounds  is  applied  to  it,  what  forces  must  be  applied  to 
the  other  pistons  to  keep  the  water  in  equilibrium,  assuming  that  tbeir 
irtas  were  the  same  as  given  before  ? 


Solution.  - 


18. 183  pounds  per  square  inch,  nearly. 


150 
8.25' 
20x18.183  =  363.64   lb.  =  force  to  balance  a. 

7  X  18.183  =  127,274  lb.  =  force  to  balance  6. 
1X18.183=    18.1831b.  =  force  to  balance  c. 

8  X  18. 183  =  109.093  lb.  =  force  to  balance  d. 
4X18.183=    73.738  lb.  =  force  to  balance/. 

The  pressure  due  to  the  weight  of  a  liquid  may  be  down- 
wards, upwards,  or  sideways. 

2172.  Downward  Pressure. — In  Fig.  730  the  pres- 
sure on  the  bottom  of  the  vessel  a  is,  of  course,  equal  to  the 
weight  of  the  water  it  contains. 
If  the  area  of  the  bottom  < 
the  vessel  i  and  the  depth  of  the 
liquid  contained  in  it  are 
the  same  as  in  the  vessel  a,  the 
pressure  on  the  bottom  of  b  will 
be  the  same  as  on  the  bottom  of 
a.  Suppose  the  bottoms  of  the 
vessels  a  and  b  are  G  inches 
square,  that  the  part  cd,  in  the 
vessel  b,  is  2  inches  square,  j 
that  the  vessels  are  filled  w 
water.  The  weight  of  1  cubic 
63.5 


inch  of  water  is 


~  =  .03GI7  pound.    The  number  of  cubic 

inches  in  *i  =  0  X  6  x  24  =  8154  cubic  inches.  The  weight  of 
the  water  is  8G4  X  .03017  -  31.25  pounds.  Hence,  the  total 
pressure  on  the  bottom  of  the  vessel  a  is  31.25  pounds,  or 
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0.81)8  pound  per  square  inch.  The  pressure  in  b,  due  to  the 
weight  contained  in  the  part  *  <-,  is  6  X  6  X  10  X  .03617  = 
13.02  pounds.  The  weight  of  the  part  contained  \r  c  d  is 
2  X  2  X  14  X  .03017  =  2.0255   pounds,   and  the  weight  per 


According  to  Pascal's  law,  this  weight  (pressure)  is  trans- 
mitted equally  in  all  directions ;  therefore,  every  square  inch 
of  the  top  of  the  large  part  of  the  vessel  b  will  be  subjected 
to  a  pressure  of  .50G4  pound.  The  area  of  the  part  b  c  ii 
6  X  6  =  36  sq.  in.,  and  the  total  pressure  due  to  the  weight 
of  the  water  in  the  small  part  will  be  .5064  X  36  =  18.23 
pounds.  Hence,  the  total  pressure  on  the  bottom  of  b  will 
be  13.02  +  18.23  =  31.25  pounds,  the  same  result  as  in  the 
case  of  the  vessel  a. 

If  an  additional  pressure  of  10  pounds  per  square  inch 
were  applied  to  the  upper  surface  of  both  vessels,  the  total 
pressure  on  their  bottoms  would  be  31.25  +  (6  X  6  X  10)  = 
31.25  +  360=  3yi.25  pounds. 

If  in  this  case  this  pressure  were  obtained  by  means  of  a 
weight  placed  on  a  piston,  as  shown  in  Figs.  728  and  729,  the 
weight  for  the  vessel  a  would  be  6  x  6  X  10  =  360  pounds, 
and  for  the  vessel  ^,  2  X  2  x  10  =  40  pounds. 

2173.     The   general   law   for   the   downward   pressure 
upon  the  bottom  of  aciy  vessel: 
~l  |r"=.";-"V^^       '^^''^  pri-ssttrc  upon  tltc  bottom  of  a  vessel 
.'  1  I  contatntiig  a  fluid  is  independent  of  the  shapt 

of  llie  irssi-I,  and  is  equal  to  the  weight  of 
I  a  prism  cf  the  fluid  whose  base  is  the  same  as 
I  the  hot  loin  rf  the  vessel,  and  xuhose  altitude  is 
the  distance  between  the  bottom  and  the  upper 
surface  of  the  fluid,  plus  the  pressure  per 
unit  of  area  upon  the  upper  surface  of  tk 
fluid,  multiplied  by  the  area  of  the  bottom  of 
the  vessel. 

Suppose  that  the  vessel  b.  Fig.  730,  wer 
lown  in  Fig.  731;   the  pressure  upon  the  bottoi 
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will  still  be  0.8C8  pound  per  square  inch,  but  it  will  require 
a  weight  of  3,490  pounds  to  be  placed  upon  a  piston  at  the 
upper  surface  to  make  the  pressure  on  the  bottom  301.35 
pounds,  instead  of  a  weight  of  40  pounds,  as  in  the  other  case. 

ExAMPLB.'-A  vessel  filled  with  salt  water,  having  a  specific  gravity 
•if  1,03,  has  a,  circuUr  bottom  13  inches  in  diameter.  Tbetopofthe 
nssel  is  fitted  with  a,  piston  3  inches  in  diameter,  on  which  is  laid  a 
wight  of  75  pounds.  What  is  the  total  pressure  on  the  bottom,  if  the 
ifcpth  of  the  water  is  18  inches  ? 

SotOTIOS. — The  weight  of  1  cubic  inch  of  the  water  is ^^ —  = 

'037254  lb.  13  X  13  X  .7854  X  16  X  .037254  =  89.01  pounds  =  the  pres- 
»iire  due  to  the  weight  of  the  water.     „      „      ^^.  =  10.81  pounds  per 

■quare  inch  due  to  the  weight  on  the  piston.     18  X  18  X  -IStH  X  10.01  = 
1.40aS9  pounds. 
Total  pressure  =  I,40a29  +  89.01  =  1,497.3  pounds.    Ans. 

2174.  Upward  Pressure. — In  Fig.  732  is  represented 
a  vessel  of  exactly  the  same  size  as  that  rep- 
resented in  Fig.  731.    There  is  no  upward  pres- 
snre  on  the  surface  c  due  to  the  weight  of  the 
water  in  the  large  part  c  d,  but  there  is  an 
upward  pressure  on  c  due  to  the  weight  of 
the  water  in  the  small  part  be.     The  pressure 
per  square  inch  due  to  the  weight  of  the  water  i 
'vR  b  c  was  found  to  be  .5004  pound  (see  Art. 
2172);    the   area   of    the  upper   surface  c% 
of  the   large  part  c  d   is  evidently   (6  X  6)  7 
—  (2  X  2)  =  3G  —  4  =  33  sq.  in.,   and  the  total  J 
upward  pressure  due   to  the  weight  of   the 
water  is  .5064  X  32  =  1C.2  pounds.  ""■  '"■ 

If  an  additional  pressure  of  10  pounds  per  square  inch 
were  applied  to  a  piston  fitting  the  top  of  the  vessel,  the 
total  upward  pressure  on  the  surface  c  would  be 
1C.2+  (32  X  10)  =  336.2  pounds. 

2175.  General  law  for  upward  pressure: 

TAf  upward  pressure  on  any  submerged  horizontal  surface 
equals  the  weight  of  a  prism  of  the  liquid,  whose  base  has  an 
area  equal  to  the  area  of  the  submerged  surface,  and  whose 
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altitude  is  the  distance  between  the  submerged  surface  ana 
the  upper  surface  of  the  liquid^  plus  the  pressure  per  unit  oj 
area  on  the  upper  surface  of  the  fluid^  multiplied  by  the  arei 
of  the  submerged  surface. 

Example. — A  horizontal  surface,  6  inches  by  4  inches,  is  submerge* 
in  a  vessel  of  water  26  inches  below  the  upper  surface.  If  the  pressur 
on  the  water  is  10  pounds  per  square  inch,  what  is  the  total  upwar« 
pressure  on  the  horizontal  surface  ? 

Solution. —  4  x  6  X  26  X  .03617  =  22.57  jwunds,  the  upward  pres 
sure  due  to  the  weight  of  the  water. 

6x4x16  =  384  pounds,  the  upward  pressure  due  to  the  outsid 
pressure  of  16  pounds  per  square  inch. 

The  total  upward  pressure  =  884  +  22.57  =  406.57  pounds.     Ans. 

21 76.  Lateral  {SIde'ways)  Pressure.— Suppose  th 
top  of  the  vessel  shown   in   Fig.  733   is   10   inches   square 

•f- 10^ 4  and  that  the  projections  at  a  and  b  ar 

1  inch  X  1  inch,  and  10  inches  long. 
The  pressure  per  square  inch  on  th 
*^  bottom  of  the  vessel,  due  to  the  weigh 
of  the  liquid,  is  1  X  1  X  18  X  the  weigh 
of  a  cubic  inch  of  the  liquid. 

The  pressure  at  a  depth  equal  to  th< 
distance  of  the  upper  surface  ^  is  1  x  1  >< 
\^  17  X  the  weight  of  a  cubic  inch  of  th< 
liquid. 

Since  both  of  these  pressures  are  trans 
Fig.  783,  mitted  in  every  direction,  they  are  als< 

transmitted  laterally  (sideways),  and  the  pressure  per  uni 
of  area  on  the  projection  b  is  a  viean  bctiuccn  the  tzvo,  anc 
equals  1  X  1  X  ITl  X  the  weight  of  a  cubic  inch  of  the  liquid 
To  find  the  lateral  pressure  on  the  projection  a^  imagine 
that  the  dotted  line  c  is  the  bottom  of  the  vessel;  then  th« 
conditions  would  be  the  same  as  in  the  preceding  case,  ex 
cept  that  the  depth  is  not  so  great. 

The  lateral  pressure  on  a  is  thus  seen  to  be  1  X  i  X  Hi  > 
the  weight  of  a  cubic  inch  of  the  liquid. 

2177.  General  law  for  lateral  pressure  : 

The  pressure  upon  any  vertical  surface^  due  to  the  weight  oj 
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ike  liquid,  is  equal  to  t fie  weight  of  a  prism  of  the  liquid  whose 
hdse  has  the  same  area  as  the  vertical  surface,  and  whose  alti- 
tude is  the  depth  of  the  center  of  gravity  of  the  %'ertical  sur- 
face below  the  level  of  the  liquid. 
Any  additional  pressure  is  lobe  added,as  in  the  previous  cases. 

Example.— A  well  3  feet  in  diameter  and  20  feet  deep  is  filled  with 
water;  what  is  the  pressure  on  a  strip  of  the  wait  1  inch  wide,  the 
ctnler  of  which  is  1  foot  from  the  bottom  ?  What  is  the  pressure  on 
the  bottom  ?  What  is  the  upward  pressure  per  square  inch,  2  feet 
t  inches  from  the  bottom  ? 

SoLDTioN.—  1  X sex 3.1416  =  113.1  sq.  in.,  the  area  of  the  strip, 
113.1  X  19  X  13  X -03617  =  932.71  pounds,  total  pressure  upon  the 
Etrip.    Ans. 

The  pressure  per  square  inch  would  be  ^   "  .  =  8.247  pounds,  nearly. 

M X 3« X. 7854  X  20  X  13 X. 03617  =  8,836  pounds,  the  pressure  on 
IbeboUom.     Ans. 

10-2.5  =  17.5.  lxl7  5Xl3x.03617  =  7.5M  pounds,  the  upward 
ptBsure  per  square  inch,  2  feet  6  inches  from  the  bottom.    Ans. 

2178.  The  effects  of  lateral  pressure  are  illustrated  in 
Pig.  734;  /  is  a  tall  vessel  having  a  stop-cock  near  its  base, 
and  arranged  to  float  upon  the'water,  as  shown.     When  this 


vessel  is  filled  with  water,  the  lateral  pressures  at  any  two 
pointsof  the  surface  of  the  vessel  and  opposite  to  each  other 
are  equal.     Being  equal,  and  acting  in  opposite  directions. 
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they  destroy  each  other,  and  no  motion  can  result;  but  if  the 
stop-cock  be  opened,  there  will  be  no  resistance  to  that  pres- 
sure acting  on  the  surface  equal  to  the  area  of  the  opening, 
and  it  will  cause  the  water  to  How  out,  while  its  equal  and  oppo- 
site force  will  cause  the  vessel  to  move  backwards  threugh 
thewaterinadirectionoppositeto  that  of  the  spouting  water. 

2179.  The  laws  of  liquid   pressure  given  in  the  prece- 
ding articles  may  be  embraced  in  the  following  formula  : 

P=^a{Jw+/>),  (164.) 

where        a  ^  area  of  a  submerged  surface  in  square  inches; 
J  =  distance  in  inches  of  center  of  gravity  of  sur- 
face from  surface  of  liquid  ; 
If  =  weight  of  a  cubic  inch  of  the  fluid  in  pounds  ; 
/  =  pressure  on  surface  of  liquid   in  pounds  per 

square  inch; 
P  =  total  pressure  on  submerged  surface  in  pounds. 

2180.  Since  the  pressure  on  the  bottom  of  a  vessel  due 
to  the  weight  of  the  liquid  is  dependent  only  upon  the  height 

of  the  liquid,  and 
not  upon  the  shape 
of  the  vessel,  it 
follows  that  if  a 
vessel  has  a  niim- 
ber  of  radiating 
tubes,  as  shown  in 
Fig.  7^5,  the  water 
in  each  tube  will 
be  on  the  same 
level,  no  matter 
what  may  be  the 
shape  of  the  tubes. 
Pit;-  ™-  For,  if   the  water 

were  higher  in  one  tube  than  in  the  others,  the  downward 
pressure  on  the  liutiom  due  to  the  height  of  the  water  in  this 
tube  would  be  ^'reater  than  that  due  to  the  height  of  the 
water  in  the  other  tubes.  Consequently,  the  upward  pres- 
sure would  also  be  greater,  the  equilibrium  would  be  de- 
stroyed, and  the  water  would  Sow  from  this  tube  into  the 
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TBssel,  and  rise  in  the  other  tubes  until  it  was  at  the  same 
level  in  all,  when  it  would  be  in  equilibrium.  This  principle 
B  expressed  in  the  familiar  saying,  water  seeks  its  level. 

This  explains  why  city  water- reservoirs  are  located  on 
high  elevations,  and  why  water  on  leavings  the  hose-nozzle 
spouts  so  high. 

If  there  were  no  resistance  by  fraction  and  air,  the  water 
Would  spout  to  a  height  equal  to  the  level  of  the  water  in  the 
reservoirs.  If  a  long  pipe  whose  length  was  equal  to  the  ver- 
tical distance  between  the  nozzle  and  the  level  of  the  water 
m  the  reservoir  were  attached  to  the  nozzle,  the  water  would 
iwst  reach  the  end  of  the  pipe.  If  the  pipe  were  lowered 
^lightly,  the  water  would  trickle  out.  Fountains,  canal- 
^*>cks,  and  artesian  wells  are  examples  of  the  application  of 
'^his  principle. 

Example.— The  water-level  in  a  city  reservoir  is  150  feet  above  the 
■«vel  of  the  street ;  what  is  the  pressure  of  the  water  per  square  inch 
*>o  the  hydrant  1 

Solution. —    1  x  160  x  12  X  .03617  =  65.104  pounds  per  square  inch. 

2181.     In  Fig.  736,  let  the  area  of  the  piston  o  be  1 

square    inch,   of   b    40    square    inches. 

According    to    Pascal's    law,    1    pound 

placed   upon  a  will   balance   40  pounds 

placed  upon  b. 

Suppose  that  a  moves  downwards  10 
inches,  then  10  cubic  inches  of  water  will 
be  forced  into  the  tube  b.  This  will  be 
distributed  over  the  entire  area  of  the 
tube  b,  in  the  form  of  a  cylinder,  whose 
cubical  contents  must  be  10  cubic  inches, 
whose  base  has  an  area  of  40  square 
inches,    and    whose    altitude    must    be  F:o.  ra*. 

^ J  =  J  of  an  inch ;  that  is,  a  movement  of  10  inches  of  the 
piston  a  will  cause  a  movement  of  \  of  an  inch  in  the 
piston  b. 

This  is  analogous  to  the  old  principle  of  machines:  The 
power,  multiplied  by  the  distance  through  which   it   moves 
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equals  the  weight  multiplied  by  the  distance  through  which 


2182.     The  foregoing  principles  are  made  use  of  in  the 
hydraulic  press  represented  in  Fig.  737.     As  the  lever  O  is 


depressed,  the  piston  a  is  forced  down  upon  the  water  in  the 
cylinder  j-I,  The  water  is  forced  through  the  bent  tube  </ 
into  tlic  cylinder  in  which  the  large  piston  C  works,  and 
causes  C  Ui  rise,  thus  liftiiig  the  platform  A',  and  compress- 
ing the  bales.  If  the  area  utaha  J  sq.  in.,  and  that  of  Che 
50  sq.  in.,  it  is  evident,  from  the  explanation  of  Fig.  736, 
that  a  force  of  10  pounds  on  the  piston  a  will  lift  a  load  of 
—  X  50  =  1,000  pounds  on  llie  piston  C.  If,  now,  the 
lenfflh  of  the  lever  between  the  hand  and  the  fulcrum  is  10 
times  the  length  between  the  fulcrum  and  the  piston  d,  a 
force  of  10  pounds  on  the  end  of  the  lever  will  exert  100 
pounds  on  a,  and,  therefore,  10,000  pounds  on  C. 
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Applications  of  this  principle  are  seen  in  the  hydraulic 
machines  used  for  forcing  locomotive  drivers  on  their  axles, 
etc.,  and  for  testing  the  strength  of  boiler -she  lis. 

Example. — A  suspended  vertical  cylinder  is  tested  for  the  tightness 
of  its  heads  by  filling  it  with  water.  A  pipe  whose  inside  diameter  is 
t  of  an  inch,  and  whose  length  is  20  feet,  is  screwed  into  a  hole  in  the 
upper  head,  and  tlten  filled  with  water;  what  is  the  pressure  per 
iquare  inch  on  each  head,  if  the  cylinder  is  40  inches  in  diameter  and 
K>  inches  long  ? 

Solution.— Area  of  heads  =  40*  X -7854  =  1,258.64  sq.  in. 

The  pressure  per  square  inch  oi\  the  bottom  head  due  to  the  weight 
■f  the  water  in  the  cylinder  =  I  x  60  x  .03617  =  2.17  pounds,  (i)' X 
?8S1  =  .04909  sq.  in.,  the  area  of  the  pipe. 

-OW09  X20x  12  X -03817  =  .436  pound  =  the  weight  of  water  in 
ipe  =  the  pressure  on  a  surface  area  of  .04909  sq.  in. 

The  pressure  persquareinchdue  to  the  water  inlhe  pipe  is-rrj^jj- X 
136  =  8.68  pounds  per  square  inch  upon  the  upper  head,     Ans- 

The  pressure  per  square  inch  on  the  lower  head  is  8.68  +  2.17  = 
0. 85  pou  nds.     Ans- 

ExAHPLE. — In  the  last  example,  if  the  pipe  be  lifted  with  a.  piston 
Weighing  J  of  a  pound,  and  a  5-pound  weight  be  laid  upon  it.  what  will 
^  the  pressure  upon  the  upper  head? 

Solution. ^In  addition  to  the  pressure  of  .426  pound  on  the  area 
of  .04909  sq.  in.,  there  is  now  an  additional  pressure  upon  this  area  of 
'i  +  j  =  !i.2B  pounds,  and  the  total  pressure  upon  this  area  la  .426-1- 
&2S  =  G.676  pounds-    Ans. 

The  pressure  per  square  inch  's-pgKj  X  5.676  =  1 15.6  pounds. 


BUOYANT  EFFECTS  OF  WATER. 

21  S3.     In  Fig.  738  is  shown  a  6-inch  cube,  entirely  sub- 
merged in  water.     The   lateral  pressures        

are  equal  and  in  opposite  directions.  The 
upward  pressure  =  C  X  C  X  21  X  .03017; 
the  downward  pressure  —  0  X  C  X  15  X 
.03617,  and  the  difference  =  C  X  C  X  G  X 
.03617  =  the  volume  of  the  cube  in  cubic 
inches  X  the  weight  of  1  cubic  inch  uf 
water.  That  is,  the  upward  pressure  t 
ceeds  the  downward  pressure  by  the  weight 
of  a  volume  of  water  equal  to  the  volume 
of  the  body. 
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21S4.  This  excess  of  upward  pressure  over  the  down- 
ward pressure  acts  against  gravity;  consequently,  if  a  body^ 
be  immersed  in  a  fluid,  it  vjill  lose  in  weight  an  amount  equai^. 
to  the  weigkt  of  the  fluid  it  displaces.  This  is  called  the  prin^— 
clple  of  ArchlmedeB,  because  it  was  first  stated  by  hiiD_ 
This  principle  may  be  experimentally  demonstrated  withrri 
the  beam-scales,  as  shown  in  Fig.  739. 

From  one  scale-pan  suspend  a  hollow  cylinder  of  metal  /j." 
and  below  that  a  solid  cylinder  a,  of  the  same  size  as  tb^» 
hollow  part'of  the  uppe^ 
cylinder.  Put  weightsiira 
the  other  scale-pan  unti  -5 
they  exactly  balance  tb^ 
two  cylinders.  If  a  b^w 
immersed  in  water,  th^ 
scale-pan  containing  th^» 
weights  will  descend^J 
showing  that  a  has  1osV« 
some  of  its  weight.  Now^^ 
fill  /  with  water,  and  tli^* 
volume  of  water  that  '•fl'*"^ 
be  poured  into  t  wtlC  - 
equal  that  displaced  by  a— 
The  scale-pan  that  con — 
""  ""■  tains    the    weights   wilC 

gradually  rise  until  t  is  filled,  when  the  scales  balance  again.— 
If  the  immersed  body  be  lighter  than  the  liquid,  the  up — 
ward  pressure  will  cause  it  tw  rise  and  e.xtend  p.irtly  out  o^S 
the  liquid,  until  the   weight  of  the  body  and  the  weight  o^^ 
the  liquid  displaced  are  equal.     If  the  immersed  body  bt 
heavier  than  the  liquid,  the  downward  pressure,   plus  the 
weight  of  the  body,  will  be  greater  than  thcupward  pressure, 
and  the  body  will  fall  downwards,  until  it  touches  bottom  or 
meets  an  obstruction.      If  the  weights  of  equal   volumes  of 
the  liquid  and  the  body  are  equal,  the  body  will  remain 
stationary,  and  he  in  cquililirium  in  any  position  or  depth 
beneath  the  surface  of  the  liquid. 

An  interesting  experiment  in  confirmation  of  the  above 
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facts  may  be  performed  as  follows:  Drop  an  egg  into  a 
glass  jar  filled  with  fresh  water.  The  mean  density  of  the 
egg  being  a  little  greater  than  that  of  water,  it  will  fall  to 
the  bottom  of  the  jar.  Now  dissolve  salt  in  the  water, 
stirring  it  so  as  to  mix  the  fresh  and  salt  water.  The  salt 
water  will  presently  become  denser  than  the  egg^  and  the 
egg  will  rise.  Now,  if  fresh  water  be  poured  in  until  the 
^gg  and  water  have  the  same  density,  the  egg  will  remain 
stationary  in  any  position  that  it  may  be  placed  below  the 
surface  of  the  water. 


HYDROKINETICS. 


*^t.OW   OF   WATER   THROUGH   SHORT   TUBES. 

2185*     Hydrokinetics,  also  called  bydrodynamlcs 

^nd  hydraulics,  treats  of  water  in  motion.  The  velocity 
^s  not  the  same  at  all  points  of  the  flow,  unless  all  cross- 
^^ctions  of  the  pipe  or  canal  are  equal.  That  velocity  which, 
^ing  multiplied  by  the  area  of  the  cross-section  of  the 
^ream^  will  equal  the  total  quantity  discharged  is  called  the 
'^ean  velocity. 

Let  Q  =  the  quantity  which  passes  any  section  in  one 
second ; 
A  =  the  area  of  the  section ; 
V  =  the  mean  velocity  in  feet  per  second. 

Then,  Q^Av,        (165.) 

and  ^  =  X  (166-) 

Example. — The  area  of  a  certain  cross-section  of  a  stream  is  27.9 
Square  inches;  the  velocity  of  the  water  through  this  section  is  51  feet 
per  second ;  what  is  the  quantity  discharged  in  cubic  feet  ? 

27  9 
Solution. — Applying  formula  165,  Q  =  -r^  X  51  =  9.9  cubic  feet 

per  second.     Ans. 

Example. — In  the  last  example,  what  would  the  velocity  have  been 
to  discharge  the  same  quantity  had  the  area  of  the  cross-section  been 
16 square  inches? 
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Solution.— Applying  formuU  166,  y=^=-^=8a.t  *t. 
persec    Ana.  144 

2186.  Velocity  of  Efflux.— If  a  small  aperture  t»c 
made  in  a  vessel  containing  water,  the  velocity  with  whi  <=h 
T?Ti  the  water  issues  from  the  ves- 
sel is  the  same  as  if  it  had  fall^^n 
from  the  level  of  the  surface  *o 
the  level  of  the  aperture,  s»H 
resistances  being  neglecte  ^■ 
This  velocity  is  called  the  v^b- 
loclty  of  efflux. 

The   vertical    height    of    t*^= 

level  surface  of  the  waterabo"^^' 

Fio.  740.  the   center   of  the   aperture        ^ 

called  the  head.     In  Fig.  740,  a  is  the  head  for  the  ap^^    '' 

ture  ^  ;  ^  is  the  head  for  the  aperture  B  ;  and  c  is  the  he^^"'^ 

for  the  aperture  C 

Let  V  =  the  velocity  of  efflux  in  feet  per  second; 

A  =  the  head  in  feet  at  the  aperture  considered. 
Then,  the  theoretical  velocity  of  efflux  is  expressed  by  th^** 
formula 

v  =  i/ijl.  (167.) 

Here^:^  39.1fi;  that  is,  t/ic  velocity  of  efflux  is  the  satw^t 
as  if  tlic  same  -weight  of  water  had  fallen  through  a  heig^^i 
equal  to  its  head. 

Were  it  not  for  the  resistance  of  the  air,  friction,  and  tt^< 
effect  of  tlie  falling  particles,  the  issuing  water  would  spo«j£ 
to  the  Icvfl  of  the  water  in  the  vessel;  that  is,  to  a  height 
equal  lu  its  hc-ad.  i 

ICxAMPLK. — A  small  orifice  is  made  in  a  pipe  50  feet  below  the  waler-  i 
level ;  what  is  the  velocity  of  Ihc  issuing  water  f 

SoLL-TiON.— Applying  formula  167,  v  =  ^"3  x  32.18x50  =  56.7  fed 
per  second.    Ans. 

From  the  above  formula,  as  in  the  laws  of  falling  bodies, 


(168.) 
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Here,  //  is  called  the  head  due  to  the  velocity  v.  Conse- 
q^iently,  if  the  velocity  of  efflux  is  known,  the  head  can  be 
f^ound. 

Example. — An  issuing  jet  of  water  has  a  velocity  of  60  feet  per 
;  what  must  be  the  head  to  give  it  this  velocity  ? 


•    60' 
Solution.— Applying  formula  1 68,  h  =  ^  =  55.97  feet.    Ana 

2187*  Suppose  that  a  tall  vessel  is  fitted  with  a  piston, 
^.nd  has  an  orifice  near  the  bottom  fitted  with  a  stop-cock. 
If  an  additional  pressure  be  applied  to  the  piston,  it  is 
Evident  that  the  velocity  of  efflux  will  be  increased. 

Let/  be  the  pressure  per  unit  of  area  at  the  level  of  the 
"Water,  due  to  the  additional  pressure  on  the  piston.  If  the 
"Unit  of  area  is  one  square  inch,  the  height  of  a  column  of 
Water   that  would   cause  a  pressure  equal   to  /  would  be 

-       feet 

If   the  unit  of  area  is  in   square  feet,  the  height  of  a 

column  of  water  would  be  -fd-z  feet.     Denote  this  height 

corresponding  to  the  additional  pressure  by  /t^.  The  origi- 
nal head  of  the  water  in  the  vessel  is  //;  hence,  /i^-^-  h  =  the 
total  head,  and  the  velocity  of  efflux,  when  the  cock  is 
opened,  will  be 

1/ =  |/27p7fT).  (169.) 

The  total  head  h^  +  ^^  is  called  the  equivalent  head, 
and  must,  in  all  cases,  be  reduced  to  feet  before  substituting 
in  the  formula. 

Example. — The  area  of  a  piston  fitting  a  vessel  filled  with  water  is 
27.36  square  inches.  The  total  pressure  on  the  piston  is  80  pounds ;  the 
weight  of  the  piston  is  25  pounds,  and  the  head  of  the  water  at  the 
level  of  the  orifice  is  6  feet  10  inches ;  what  is  the  velocity  of  efflux, 
assuming  that  there  are  no  resistances  ? 

Solution. —    80  +  25  =  105  pounds  =  the    total    pressure    on  the 

105 
upper  surface  of  the  liquid.     _„  '     =  3.838  pounds  per  square  inch. 

Q  ^^ 

'     —  =  106.11  =  head  in  inches  due  to  the  pressure  of  105  pounds. 

^^'}^  =  8.84  ft.  =  hx,     6  feet  10  inches  =  6.8333  feet  =  h, 
1« 
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Hm>c«,  applying  [onauU  1S9, 


21 S8.  When  water  issues  from  the  side  of  a  vessel,  it 
is  subjected  to  the  same  laws  that  govern  projectiles.  The 
range  may  be  calculated  in  the  same  manner  by  taking  the 
velocity  of  i-jfiux  as  the  initial  velocity  of  the  projectile. 

The  range  may  be  calculated  more  conveniently  by  the 
following  formula: 

R  =  ^'ThJ;  (170.) 

in  which  R  is  the  range,  h  is  the  head  or  equivalent  head  at 
the  level  of  the  orifice,  and  y  is  the  vertical  height  of  the 
orifice  above  the  point  where  the  water  strikes.  In  Fig, 
741,  the  upper  surface  of  the  water  is  free.  For  the  orifice 
E,h  =  BE,  and  r  =  EA ;  for  the  orifice  C,  h  =  B  C,  and 
y  =  CA. 

The  greatest  range  is  obtained  when  li=y;  that  is,  when 
the  orifice  is  half  way  between  the  upper  surface  of  the 
water  and  the  level  of  the  place  where  the  stream  strikes. 


If  two  orifices  are  situated  equally  distant  from  the  middle 
orifice,  giving  the  greatest  range,  as  f"  and  E  ia  Fig.  741, 
the  ranges  of  water  issuing  from  them  will  be  equal. 

Example. — The  vertical  hcijjht  above  the  ground  of  the  surface  of 
the  water  in  a  vessel  is  12  feet.     If  ao  orifice  is  situated  4  feet  from 
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th.^  Dpper  surface,  what  is  the  range  ?    Where  is  the  other  point  of 
e«l«jal  range  7    What  is  the  greatest  range ! 

Solution.— Applying  formula  170,  R=  ^A  X  4(12  -  4)  =  11.81 
f^«=t.  nearly;  greatest  range  =  ^4 X 8 X 8  =  13  feet.  6-4  =  2;  hence. 
tli^  point  of  equal  range  is  0  +  -  =  8  feet  below  the  surface  of  the 
•?■£».  ter.    Ans, 

Troop.— Range  =  ^ilj  =  V4  X  8  X  4  =  11.31  feet  as  before. 

2189.  When  the  water  flows  through  an  orifice  in  the 
tx>ttoin  of  the  vessel,  of  large  size  compared  with  the  area 

of   the  base,  a  different  rule  must  be  used     -    -—-J ^ 

irom  that  given  above.  In  Fig.  742,  sup- 
Pose  that  the  area  of  the  orifice  in  the 
l»ttom  of  the  vessel  is  ,i,  and  that  the  area 
of  the  bottom  is  A ;  then  the  velocity  v  is 
^^prcssed  by  the  formula 

»■=    /_2£4..        (171.) 


That  is,  f/it  velocity  of  efflux  from  the  [^' ^ 

"Otfom  of  a  vessel  in  feel  per  second  equals  fio.  T4a. 

f'te  square  root  of  2^  times  the  heady  divided  by  1,  minus  the 
*'alio  of  the  square  of  the  area  of  the  orifice,  to  the  square  of 
^^'e  area  of  the  bottom. 

If  the  area  ofthe  orifice  is  not  more  than  -jV  of  the  area 
pf  the  cross-section  of  the  vessel,  use  formula  167.  That 
'^.  fJte  velocity  of  efflux  from  a  small  orifice,  not  larger  than 
Tff  t>J  the  cross-sectional  area  of  the  vessel,  equals  the  square 
''°oi  of  2g  times  the  head. 

Example. — A   vessel  has  a  rectangular  cross-section    of   11x14 

j^^hes;  the  upper  surface  of  the  water  is  14  feet  above  the  bottom. 

'  *n  orifice,  4  inches  square,  is  made  in  the  bottom  of  the  vessel,  what 

"'1  be  the  velocity  of  efflux  ? 

Sol LT ION. —Area  of  the  cross-section  is  14  x  H  =  154  sq.  in.    Area 

"^^  *>rificeis4x4  =  msq.  '"■•  ]ia=  iTjii-"     ^'"^'^  t''*^  ^^^^  ofthe  orifice 

greater  than  ^^  of  Ihe  area  of  the  bottom,  apply  formula  171. 


_      flEK  —      /2x  33.18  ><~14 


9.  IT  feet  per  second.     Ans. 
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Example. — If  the  orifice  had  been  3  inches  square  in  the  ab<n7~< 
example,  what  would  have  been  the  velocity  of  efBuz  ?  Also,  if  it  beK.< 
been  8  inches  square  7 

Solution. —    2  x2  =  4  sq.  in.,  or  the  area  of  the  orifice. 


IM 


^-=.     Since  the  area  of  the  orifice  is  less  than  ^  of  the  area  of  tk 
vessel,  apply  formula  167, 

v=  ^TJTi=  4/2x33.16x14  =  30.008  feet  per  second.     Ans. 
8  X  8  =  64  sq.  in.,  or  the  area  of  the  on6ce  in  the  second  case;  tb^ 
applying  formula  171, 


fTTT        /3x33.iax  14     o„^,    .  J 

v=     I — = — 7=     / s^ =  83.99  feet  per  second ;  prac- 

cally,  S3  feet  per  second.     Ans. 

2190.     The  Contracted  Vein. — When  water  issu_ 

from  an   orifice   in  a  thin  plate  (s-  ^ 

Fig.  743),  or  from  a  sq ua re- edged  o  ^ 

fice  {see  Fig.  744),  the  stream  is  cc»t 

traded    a   short   distance   from    t-he 

orifice,  and  expands  again  to  the  f  u// 

size   of    the   orifice.      The   point    at 

which  the  contraction  is  greatest  is 

at  a  distance  from  the  orifice  equal  lo 

the  diameter  of  the  orifice.     In  con- 

>eqiicnce    of    this    contraction,    the 

velocity  of  efflux  is  slightly  reduced 

from  the  theoretical  value,  and  the  quantity  discharg-ifi  is 

greatly  rcduci-cJ,      This  contrac-  ^ 

tii>n    is    called   the  contracted 

vein,    a    name    given    to    it    by 

Sir  Isaac  Ncwtun. 

For    ordinary    purposes,    the 

actual  velocity  of  efflux  may  be 

taken  as  'JSfi  of  the  theoretical 

values  calculated  by   the  prece- 


"^™d 


Fio.  743. 


img 


rule> 


The  actual  velocity  of    efflux  ^^ 

from  a  small  orifice  is  expressed  by  the  formula 
v^.^SiZ-i^r/i.  (172.) 


in 
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EiAXFLI!. — What  is  the  actual  velocity  of  discharge  from  a  small, 
square-edged  orifice  in  the  side  of  a  vessel,  if  the  head  is  20  feet  ? 
Solution. — Applying  formula  172t 

V  =  Mj^2^  =  .88 f'2  X  32.16  X  2U  =  35.15  feet  per  second.  Ans. 
2191>  The  diameter  of  the  contracted  vein  at  its  small- 
est section  is  about  .8  of  the  diameter  of  the  orifice,  and  its 
area  is  about  .8  X  -8  =  .C4  of  the  area  of  the  orifice.  In 
■Art.  2185.  it  was  stated  that  the  quantity  discharged  in 
Cubic  feet  per- second  was  equal  to  the  area  of  the  section 
niuliiplied  by  the  mean  velocity,  or  Q  =  A  v.  This  was  the 
theoretical  value ;  /At  actual  value  is  the  area  of  the  con- 
tracted vein  multiplied  by  the  actual  velocity  of  efflux,  or 
Q  =  .fJiA  X  .98  i/  =  .037  ^  f;  that  is,  the  actual  discharge 
's  about  .027  of  the  theoretical  discharge. 

This  number,  .027,  is  called  the  coeflldent  of  efflux. 
The  coefficient  of  efilux  varies  somewhat  according  to  the 
bead,  and  the  size  and  shape  of  the  orifice ;  but  for  square- 
edged  orifices,  or  for  orifices  in  thin  plates,  its  average  value 
>nay  be  taken  as  ,015.     Hence, 

Rule. —  The  actual  quantity  discharged  is  .615  times  the 
theoretieal  amount, 
or,  Q=.GUAv.     (173.) 

Example. — The  theoretical  discharge  from  a  certain  vessel  is  12.4 
'^bic  feet  per  mLnnte;  what  is  the  amount  actually  discharged  per 
Second? 

Solution.—    12.4X  .61G  =  7.626  cubic  feet  per  r-'----    ""^^^ 
•1371  cubic  foot  per  second.    Ans. 

2192.  If  the  water  dis- 
charges through  a  short  tube 
Whose  length  is  from  1^  to  3 
times  the  diameter  of  the  orifice 
(see  Fig.  745),  the  discharge  is 
increased.  From  a  large  num- 
ber of  experiments  made  by 
different  persons,  the  coefficient  ^^ 
of  efilux  for  a  short  tube  may 
betakenas.815;  that  is,  the  actual  discharge  may  be  taken 
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Size.     It  the 

I 

r 

I 


as. 815  times  the  theoretical  discharge  through  an  orifice  of  ~^C 
same  size.  If  the  inside  edges  of  the  tube  are  well  round  ^e 
and  the  tube  is  conical,  as  shown  in  Fig.  T  -4 
there  will  be  no  contraction,  and  the  ^< 
efficient  of  discharge  may  be  taken  as  .  ^7 
that  is,  the  actual  discharge  through  a  ti:M.b 
I  of  this  form  is. 07  limes  the  theoretical cJ is 
chirge  through  an  orifice  whose  area  is  th< 
same  as  the  area  of  the  end  of  the  tube. 

2193.  If  in  a  compound  mouthpi^ct 
or  tube,  such  as  is  shown  in  Fig.  747,  cr  A 
the  narrowest  part,  be  taken  as  the  diarr^e- 
ter  of  the  orifice,  the  coefficient  of  discharg* 
may  be  taken  as  1  552G ;  that  is,  the  actual  discharge  throa.^^ 
a  compound  mouthpiece  of  this  shape 
is  1.5526  times  the  theoretical  dis- 
charge through  an  orifice  whose  area 
is  the  same  as  the  area  of  the  smallest 
section  of  the  mouthpiece. 

2194.  When  the  upper  surface 
of  the  water  remains  at  the  same 
height  above  the  <irifice,  there  is  said 
to  be  a  constant  head.  The  velocity 
of  efflux  varies  for  different  points  in  '''°'  ''*'' 

the  orifice;  it  is  greater  at  the  bottom  of  the  orifice  than  at 
the  top,  since  the  head  is  greater  at  the  bottom  than  at  the 
top.  A  mean  velocity  may  be  obtained  by  dhiding  thi 
quantity  of  ivatcr  discharged  in  cubic  feet  per  second  by  tki 
area  of  the  orifice; 
or,  r'„  =  ^-.     (See  formula  166.) 


2195.    Let 

Q  =  theoretical  number  of  cubic  feet  discharged 

per  second; 
v„  =  mean  velocity  through  orifice; 
A   =  area  of  orifice; 
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h  =  theoretical   head   necessary  to  give  a  mean 

velocity  v^\ 
Q^  =  actual  quantity  discharged  in  cubic  feet  per 
second. 

Then,  for  an  orifice  in  a  thin  plate,  or  a  square-edged 
orifice  (the  hole  itself  may  be  of  any  shape — triangular, 
square,  circular,  etc. — but  the  edges  must  not  be  rounded), 
the  actual  quantity  discharged  is 

a=.C15(2,  or 
=  .615-^  z/^,  or 
=  .015^4^^^^^.  (174.) 

That  is,  the  actual  quantity  discharged  through  a  square- 
^^gfd  orifice,  or  through  a  thin  plate,  is  ,615  times  the  theo- 
retical disc/iargCy  and  equals  ,615  multiplied  by  the  area  of 
'^  orifice,  multiplied  by  the  mean  velocity ;  or  equals  .  615 
Multiplied  by  the  area  of  the  orifice,  multiplied  by  the  square 
^oot  of  2  g  times  the  theoretical  head,  corresponding  to  the 
theoretical  mean  velocity. 

For  a  discharge  through  a  short  tube,  as  shown  in  Fig.  745, 

i2.=  .815  Q  =  .815^  v^  =  .815^  i/2^//.  (175.) 

For  a  discharge  through  a  mouthpiece,  as  shown  in  Fig.  746, 


j2.=.97  Q=.^l  A  v,,  =  .97  Ai/2gh.  (176.) 

For  a  discharge  through  the  compound  mouthpiece,  as 
shown  in  Fig.  747,  the  area  of  the  orifice  being  taken  as 
the  area  of  the  smallest  section, 

!2«  =  1. 5526  Q=l.  5526  Av,^  =  l,  5526  A  i^TgT.         ( 1 77.) 

In  these  four  formulas  it  is  assumed  that  the  head  re- 
mains constant. 


WEIRS. 


21  ©6.  The  -weir  is  a  device  universally  used  for  measur- 
ing the  discharge  of  water.  It  is  a  rectangular  orifice 
through  which  the  water  flows. 
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2197*     In  Fig.  748  is  represented  a  weir  in  which   ti 
top  of  the   weir   (orifice)  is   level  with  the  upper  5urfa< 
of  the  water  flowing  throug 
By    means    of    high< 
mathematics,     it     has    bee 
f  found    that    the     iheorelUi 
mean  velocity  v^  is  equal  1 

2198.  If(/=the  dept 
of  the  opening  in  feet,  and 
its  breadth  in  feet,  the  area  < 
the  opening  ,1  =  d  b,  and  the  theoretical  discharge  is  Q  -. 
d  b  v„  =  ^  d  b  i^%j^d,  the  head  for  this  case  being  taken  as  < 

The  actual  discharge  is 
Ga=  015  Q  =  .i^\bdh-)^\»/%Jd=A\b»/¥id^.       (178 

That  is,  the  actual  discharge  through  a  wctr  in  cubic  fe. 
per  second,  whose  top  is  on  a  level  with  the  upper  surface  < 
the  water,  is  equal  to  .^1  multiplied  by  the  breadth  of  H 
weir,  viulliplicd  by  the  square  root  of  2g  times  the  cube  of  ti 
depth  of  the  weir.      All  dimensions  are  to  be  taken  in  feet. 

ExAMi'LE.. — A  weir  like  the  one  represented  in  Fig.  748  has  a  dep' 
rf=  18  inches,  ami  a  breadth  i  =  30  inches;  what  is  the  actual  discharj 
per  minute  in  cubic  feet  ? 

SoLCTKis. — Applying  formula  J  78, 
2a  =  .41i4/y,^',/-|  =  .41x!3Xf  iix^a.  10  X(lf)^=  15.1  cubic  feet  per  secon. 
15.1  X  60  =  JK)6  cubic  feet  per  minute.     Ans. 

21 99.  To  obtain  the  mean  velocity  t'„,  divide  the  actu: 
discharge  by  the  area  of  the  weir. 

Example. — What  is  the  mean  velocity  in  feet  per  second  of  tl 
water  in  the  last  example  ? 

Solution. — Applying  formula  1 79, 

ft.  1'>.1  15-1       ,«„-,  J       . 

i'i,  =  -v^=;,-; —  =  ir.-v  =  4.02i  feet  per  second.     Ana. 

oa      i\  X  It      >>■ '" 
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2200.  It  should  be  kept  in  mind  that  a  weir  is  but  a 
rectangular  opening.  It  is  a  special  name  given  to  a  rect- 
angular orifice.  Some 
writers  use  the  term 
nctanEular  notch  in- 
stead of  weir. 

2201.  In  Fig.  749  is 
represented  a  weir  whose 
top  is  below  the  level  of 
the  upper  surface  of  the 
vater.  If  //,  is  the  depth 
in  feet  of  the  top  of  the  '  ^o.  t«. 
weir  below  the  surface  of  the  water,  and  A  is  the  depth  in 
feet  of  the  bottom  of  the  weir  below  the  surface  of  the  water, 
the  actual  discbarge  Q,  in  cubic  feet  per  second  is 

Q.  =  .4lit^[VF-VKl  (ISO.) 

That  is,  t/ir  actual  discharge  through  a  weir,  whose  top  is 
k^feft,  and  whose  bottom  is  h  feet,  below  the  surface  of  the 
water,  is  equal  to  .^1  times  the  breadth  of  the  weir  multiplied 
by  the  square  root  of  2  g  times  the  difference  of  the  square 
roots  of  the  cubes  of  the  depth  of  the  bottom  of  the  weir,  and 
the  depth  of  the  top  of  the  weir. 

EjtAMPLB—A  weErlike  that  shown  in  Fig.  748  has  a  depth  rf=  2  feet, 
»nd  a  breadth  6  =  Z  feet.  The  depth  of  the  top  below  the  surface  of 
the  water  is  5  feet;  what  is  the  discharge  in  cubic  feet  per  minute  ? 

Solution. —    A,  =5.    A  =  5  +  3  =  7.    Hence,  applying  formula  180, 
ga  =  .41 6  4^  [y^-  V^]  = 

.41  X  3  X  V8  X  32. 16  X  [  V^'  —  V^'^  =  '^2.41  cubic  feet  per  second  = 
B.41  X  60  =  4,344.0  cubic  feet  per  minute.    Ans. 

Example. — What  is  the  mean  velocity  in  the  last  example  ? 

Solution. — Applying  formula  1 79, 

VM  =  f§  =  ^^  =  12-07  feet  per  second.    Ana. 

FLOW   OF    WATER    IN    PIPES. 

I^SS   DUE    TO  FRICTION. 

2202.  When  water  flows  from  one  reservoir  to  another 
through  a  pipe,  the  velocity  of  efflux  is  considerably  less 
than  the  theoretical  velocity  due  to  the  head.     This  loss  is 
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due  to  sevei  al  causes,  but  is  principally  caused  by  the  f ^ — / < 
tion  of  the  water  against  the  inside  surface  of  the  pi 
IVtis  friction  varies  directly  as  the  length  of  the  pipes  ^  and 
versely  as  the  diameter;  that  is,  the  friction  in  a  pipe  ^500 
feet  long  is  twice  as  much  as  in  a  pipe  100  feet  long,  a.xid 
the  friction  in  a  pipe  4  inches  in  diameter  is  only  half  as 
much  as  in  a  pif)e  2  inches  in  diameter,  the  velocity  rema-£n- 
ing  the  same  in  both  cases.  The  friction  also  varies  "or^tk 
the  velocity, 

MBAN  VBLOCITY  OF  DI8CHARGB. 

2203.     The  following  formulas  apply  to  straight  cyliii' 
drical  pipes  of  uniform  diameter : 

Let  v^  =  mean  velocity  of  discharge  in  feet  per  second  ; 
h    =  total   head   in   feet  =  the   vertical  distance  l:»e- 
tween  the  level  of   the  water  in  the  reservoii" 
and  the  point  of  discharge; 
/  =  length  of  pipe  in  feet; 
d  =  diameter  of  pipe  in  inches; 
f  =  coefficient  of  friction. 
Then,  for  straight  cylindrical  pipes  of  uniform  diameter* 
the    mean    velocity   of    efflux   may   be   calculated   by  tli^ 
formula 


^'m 


=  '■''' ^^/T^^-         (1S1-) 


That  is,  ///r  ;;/r^;/  velocity  of  discharge  equals  2.315  tit^^^^ 
tJie  square  root  of  iJic  Juad  in  fcct^  multiplied  by  the  dia  ^^' 
etcr  in  incius^  divided  by  the  coefficient  of  friction^  vm^^^' 
plied  by  the  length  in  frf,  plus  .  125  of  the  diameter  of  ^^^^ 
pipe  in  inches. 

The  head  is  always  taken  as  the  vertical  distance  betwe^^" 
the   point  of  discharge  and  the  level  of  the  water  at  tt^^ 
source,  or  point  from  which  it  is  taken,  and  is  always  me^^' 
ured  in  feet.      It  matters  not  how  long  the  pipe  is,  wheth^'* 
vertical    or    inclined,     whether    straight    or    curved,    nor 
whether  any  part  of  the  pipe  goes  below  the  level  of  the 
point  of  discharge,  the   head  is  always  measured  as  stated 
above. 
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Example. — ^What  is  the  mean  velocity  of  efflux  from  a  6-inch  pipe 
5,'JBO  feet  long,  if  the  head  is  170  feet  ?    Take/=  .021. 

Solution. — Applying  formula  181, 


^'  =  '-'W/7T^  =  ^•^^^/■021X5.S  + (-125X6)  =  «•«» 
^eet  per  second.     Ans. 

2204.  When  the  pipe  is  very  long,  compared  with  the 
<iiameter,  as  in  the  above  example,  the  following  formula 
'nay  be  used : 


t/«=2.315i/^,  (182.) 


/ 

^n  which  the  letters  have  the  same  meaning  as  in  the  pre- 
ceding formula.  This  formula  may  be  used  when  the  length 
^f  the  pipe  exceeds  10,000  times  its  diameter. 

Example. — In  the  preceding  example,  calculate  the  value  of  Vm  by 
^sing  formula  1 82. 

Solution. — 
^»  =  2.315 |/y^  =  2.315 1/  021^?.^  73Q  =  ^'^l  ^eet  per  second.     Ans. 


THB  ACTUAL  HBAD. 

2205.     The  actual  bead  necessary  to  produce  a  cer- 
tain velocity  v^  may  be  calculated  by  the  formula 

A  =  ^^V.0233t;J.  (183.) 

That  is,  t/ie  total  head  in  feet  necessary  to  produce  a  ve- 
locity of  efflux  Vj„  in  a  straight  cylindrical  pipe  is  equal  to  the 
coefficient  of  friction  multiplied  by  the  length  of  the  pipe  in 
feety  multiplied  by  the  square  of  the  mean  velocity  of  efflux 
in  feet  per  second^  divided  by  5.36  times  the  diameter  of  the 
pipe  in  inches ^  plus  ,0233  times  the  square  of  the  mean 
velocity. 

Example. — A  7-inch  pipe  6,000  feet  long  is  required  to  deliver 
water  with  a  velocity  of ,7  feet  per  second;  what  must  be  the  necessary 
head  ?    Assume  /  =  .026. 
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SoccnosL — ^Appirza^  fommla  183, 

"It.     J 


OCA-%rm    IMSCHABGBD  FBOM  PIPB8. 

The  i:^rmiila3  just  g^ven  are  made  use  of  in 
certaining   the  quantity  of  water  that  will  be  discharg^ 
from  a  pipe  in  a  g^ven  time  with  a  g^ven  head.     This 
readily  found  by  substituting  the  value  of  v^  for  v  in  fc 
mula  165  ;  thus,  Q  =  A  r.. 

Since  A  =  .T>54^*  =  area  of  the  inside  of  the  pipe,  t 
quantity  discharged  can  be  readily  calculated  as  soon  as  "s: 
is  known.  This  method  gives  the  discharge  in  cubic  f^  ^ 
per  second,  when  the  diameter  d  is  taken  in  feet. 

One  cubic  foot  contains  7.48  gallon^;   hence,  when  d 

taken  in  feet, 

Q  =  .TS^^^'t',  X  7.48  gallons. 

If  ^  is  taken  in  inches, 

^      .:854rf« 

(2  =  — j^^^'.X7.48; 

or,  g  =  .  0408  d^  v^.  (1 84.) 

That  is,  the  discharge  in  gallons  per  second  equals  .OJiC^* 
times  the  square  of  the  diameter  of  the  pipe  in  inches y  mul^  -- 
plied  by  the  mean  velocity  of  efflux  in  feet  per  secojid. 

Example. — What  is  the  discharge  in  gallons  p)er  minute  from 
6-inch  pipe,  if  the  mean  velocity  of  efflux  is  5.6  feet  per  second  ? 

Solution. — Applying  formula  184« 

Q  =.  a408<r/^  Vm  =  .0408  X  ^6  X  5.6  =  8.225  gallons  per  second. 
8.225  X  60  =  493.5  gallons  per  minute.     Ans. 

2207.  If  the  diameter  of  the  pipe  and  the  discharg'^ 
are  known,  the  mean  velocity  can  be  readily  found  by  tb.^ 
formula  o<  -i  n 

_   24.01   (2  r-.f.tr    X 

That  is,  the  mean  velocity  of  discharge  equals  2Jf,.51  times 
the  ?t umber  of  gallons  discharged  per  second ^  divided  by  th/ 
square  of  the  diameter  of  the  pipe  in  inches. 
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Bx AMPLE. — A  5-inch  pipe  is  discharging  360  gallons  per  minute; 
^hsLt  is  the  mean  velocity  of  efflux  ? 

Solution. —  ^^  =  6  gallons  discharged  per  second.  Hence,  apply- 
ing formula  185, 

24.31  XG      2451X6      ^Quof    ^  a      a 

Vm  = -fi — =  = or =  5.882  feet  per  second.    Ans. 

2208.  If  the  head,  the  length  of  the  pipe,  and  the 
diameter  of  the  pipe  are  given,  to  find  the  discharge,  use 
the  formula 


(2  =  .09445^* 


(186.) 


//+.125^' 

That  is,  the  discharge  in  gallons  f>er  second  equals  .0944S 
^imes  the  square  of  the  diameter  of  the  pipe  in  inches^  multi- 
piled  by  the  square  root  of  the  head  in  feet  times  the  diameter 
9f  the  pipe  in  inches^  divided  by  the  coefficient  of  friction 
^tnies  the  length  of  the  pipe  in  fect^  plus  ,125  times  the  diam- 
^^er  of  the  pipe  in  inches. 

2209.  To  find  the  value  of  /,  calculate  v^  by  formula 
1S2,  assuming  that  y=.025,  and  get  the  final  value  of/ 
^rorn  the  following  table : 

.      TABLE   45. 


«'m  = 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

/ 

.0G86 

.0527 

.0457 

.0415 

.0387 

.03G5 

«'m  = 

0.7 

0.8 

0.9 

1 

n 

H 

/= 

.0349 

.0330 

.0325 

.0315 

.0297 

.0284 

v^- 

2 

3 

4 

6 

8 

12 

f 

.0205 

.0243 

.023 

.0214 

.0205 

.0193 

Example. — The  length  of  a  pipe  is  6,270  feet,  its  diameter  ia 
8  inches,  and  the  total  head  at  the  point  of  discharge  is  215  feet ;  how 
many  gallons  are  discharged  per  minute  ? 
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Solution. — Using  formula  1 82, 

Vwt,  =  2.315  y  y-T  =  2.315  y    005  n/a  270  ~  ^'^^  ^^^^  ^^^  second,  nearlj 

For  Vm  =  6,/=  .0214.  and  for  Vm  =  8,/=  .0205. 

.0214  —  .0205  =  .0009  =  difference  for  a  difference  in  the  7^m's  of  3  f1 
per  sec. 

.  0009 -f- 2  =  .00045  =  difference  for  a  difference  in  the  «/m's  of  1  f1 
per  sec. 

7.67  —  6  =  1.67.  .00045  X  1.67  =  .0007515  =  amount  to  be  subtracte 
from  .0214  to  obtain  y"  for  Vm  =  7.67.  Using  but  five  decimal  places 
.0214  -  .00075  =  .02065  =/  for  z/^  =  7.67. 

Hence,  applying  formula  186, 


fi  =  •<>»**5 ''*  VtttS^  = -^^  ^  «* /i 


215  X  8 


//4-.125rtr  — ^      r   .02065X6.270 -+-.125x8" 

21.95  gallons  per  second,  nearly. 

21.95  X  60  =  1,317  gallons  per  minute.     Ans. 

221 O*  If  it  is  desired  to  find  the  head  necessary  to  giv< 
a  discharge  of  a  certain  number  of  gallons  p)er  seconi 
through  a  pipe  whose  length  and  diameter  are  known,  cal 
culate  the  mean  velocity  of  efflux  by  using  formula  185 
Find  the  value  of  f  from  Table  45,  corresponding  to  thii 
value  of  t^„, ;  substitute  these  values  of  f  and  v^  in  formuh 
183,  and  calculate  the  head. 

Example. — A  4-inch  pipe,  2,000  feet  long,  is  to  discharge  24,00 
gallons  of  water  per  hour ;  what  must  be  the  head  ? 

24  000 
Solution. —     ~- — — -  =  6f  gallons  per  second.    Using  formula  1 85 

a^  10 

In  Table  45,/  =  .0205  for  v,n  =  8,  and  .0193  for  Vn,  =  12. 

.0205  —  .0193  =  .0012  =  difference  for  a  difference  in  the  mean  velod 
ties  of  4  ft.  per  sec.  .0012  -5-  4  =  .0003  =  difference  for  a  difference  o 
1ft.  per  sec.  10.2-8  =  2.2.  .0003  X  2.2  =  .00066.  .0205  —  .00066  = 
.01984.     Then,  substituting  in  formula  183, 

O.ooa  O.oo  X  4  . 

Ans 

BENDS  AND   KLBOWS. 

2211.  In  laying  pipes,  all  bends  and  elbows  should  be 
avoided  as  much  as  possible.  When  they  are  absolutely 
necessary,  they  should  be  as  large  as  the  circumstances  will 
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permit,  so  as  to  change  the  direction  gradually.     Sudden 
changes  in  direction  destroy  the  velocity  very  rapidly,  and, 


Fig.  760. 


FIO.  752. 


FIO.  751. 

consequently,  reduce  the  discharge.  A  reduction  or  in- 
crease in  the  size  of  the  pipe,  owing  to  the  screwing  on  of 
branch  pipes  smaller  or  larger  than  the  main  pipe,  also 
reduces  the  velocity. 

When  bends  are  necessary, 
it  is  better  to  round  them,  as 
shown  in  Fig.  750,  than  to  have 
a  sharp  bend,  as  shown  in  Fig. 
751.  A  bend  at  right  angles, 
as  shown  in  Fig.  752,  is  very 
destructive  to  the  velocity.  A 
rounded  elbow,  as  shown  in 
Fig.    753,    should    be   used,    in  fio.tss. 

which    the   radius  should  be   made   as   large   as  possible. 


PUMPS. 


DESCRIPTION    OF   TYPES. 

2212.  The  Suction-Pump. — A  section  of  an  ordi- 
nary suction-pump  is  shown  in  Fig.  754.  Suppose  the  piston 
to  be  at  the  bottom  of  the  cylinder,  and  to  be  just  on  the 
point  of  moving  upwards  in  the  direction  of  the  arrow.     As 
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the  piston  rises,  it  leaves  a  vacuum  behind  it ;  the  atmos- 
pheric pressure  upon  the  surface  of  the  water  in  the  well   , 
causes  it  to  rise   in  the  pipe  P,  for   the  same  reason  that 
I  the   mercury  rises  in 

\  the    barometer-tube. 

The  water  rushes  up 
the  pipe,  and  lifts  the 
valve  V,  filling  the 
empty  space  in  the 
cylinder  B,  displaced 
by  the  piston.  When 
the  piston  has  reached 
the  end  of  its  stroke, 
the  water  entirely 
fills  the  space  between 
the  bottom  of  the 
piston  and  the  bottom 
of  the  cyUnder,  and 
^H  also  the  pipe  P.  The 
instant  that  the  piston 
P'o™-  begins  itsdownstrote, 

n  the  chamber  B  tends  to  fall  back  into  the  well, 
ight  forces  the  valve  K  to  its  seat,  thus  preventing 
rt-  of  the  water.  The  piston  now  tends  to 
■r  in  the  chamber  /) ;  but  this  is  prevented 
.f  the  valves  ii,  u  in  the  ]>iston.  When 
[iched  the  end  of  its  downward  stroke,  ihe 
...■r  alx.vc  closes  the  valves  w.  ii.  All  the 
pisKJU  is  then  lilted  wiih 


the  water 
and  its  \v 
any  diLiwnw 

compress  the  v 

by    the    openir 

the  piston  has 

weight  of  the  water 

water  resting  oil  the 

the  piston  on  its  upward  stroke,  and  discharged  through  the 

spout  -J,  the   valve  /'  again  <)jieniiig,  and  the    water  filling 

the  s]ia.c  below  the  piston  as  liefore. 

It  is  evident  that  the  distance  between  the  valve  I' and 
the  surface  of  the  water  in  the  well  must  not  exceed  34 feet, 
the  highest  rolunin  of  water  which  the  pressure  of  the  at- 
mosphere will  sustain,  since,  otherwise,  the  water  in  the  pip* 
would  not  reach  to  the  height  of  the  valve  V.  In  practice, 
this  distance  should  nut  exceed  iS  feet,  or,  to  obtain  the  best 
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Sects,  not  more  than  22  feet.  This  is  due  to  the  fact  that 
here  is  a  little  air  left  between  the  bottom  of  the  piston 
ndthc  bottom  of  the  cylinder;  a  little  air  leaks  through 
lie  valves,  which  are  not  perfectly  air-tight,  and  a  pressure 
i  needed  to  raise  the  valve  against  its  weight,  which,  of 
aursc,  acts  downwards.  There  are  many  varieties  of  the 
iction-pump,  differing  principally  in  the  valves  and  piston; 
at  the  principle  is  the  same  in  all. 


2213.  The  Llftlas-Pump. — A  section  of  a  lifting- 
amp  is  shown  in  Fig.  755.  These  pumps  are  used  when 
atcr  is  to  be  raised  to  greater  heights 
lan  can  be  done  with  the  ordinary 
uction-purap.  As  will  be  perceived, 
'  is  essentially  the  same  as  the  pump 
reviously  described,  except  that  the  ^.^ 
lout  is  fitted  with  a  cock,  and  has  a 
ipe  attached  to  it,  leading  to  the 
lint  of  discharge.  If  it  is  desired  to 
scharge  the  water  at  the  spout,  the 
■ck  may  be  opened ;  otherwise,  the 
etc  is  closed,  and  the  water  is  lifted 
■  the  piston  up  through  the  pipe  P' 

the  point  of  discharge,  the  valve  c 

eventing  it  from  falling  back  into 

3  pump,  and  the  valve  V  preventing 

3  water  in  the  pump  from   falling 

:;k  into  the  well.     It  is  not  necessary 

it  there  should  be  a  second  pipe  P', 

shown  in  the  figure,  for  the  pipe  P 

ly  be  continued  straight  upwards. 

[n  all  pumps,  the  pipe  that  conducts  the  water  or  other 

uid  to  the  pump-cylinder  is  called  the  suction-pipe ;  the 

le  that  conducts  the  water  away  from  the  pump-cylinder 

;ailed  the  delivery  or  dlscliarge  pipe.     In  Figs.  755 

\  756,  P  is  the  suction  and  P'  the  delivery  pipe.     The 

:tioii-pipe  is  sometimes  called  the  Inlet-ptpe. 
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2214.  Force-PumpB. — The  force-pump  differs  from 
the  lifting-pump  in  several  important  particulars,  but  chiefly 
in  the  fact  that  the 
piston  is  solid;  that 
is,  it  has  no  valves,  A 
section  of  a  suction 
and  force  pump  is 
shown  in  Fig.  "SB. 
The  water  is  drawn  up 
the  suction-pipe  P,  as 
before,  when  the  piston 
rises;  but,  whtn  the 
piston  reverses,  the 
pressure  on  the  water 
caused  by  the  dtscent 
of  the  piston  opens  the 
ve  y,  and  /arcfS 
the  water  up  the  delivery-pipe  P'.  When  the  piston  again 
begins  its  upward  movement,  the  valve  P  is  closed  by  the 
pressure  of  the  water  above  it,  and  the  valve  I-'' is  opened  by 
the  pressure  of  the  atmosphere  on  the  water  below  it,  as  in  , 
the  previous  cases.  For  an  arrangement  of  this  kind,  it  is 
not  necessary  t<>  have  a  stuffing-box.  The  water  may  be 
forced  to  almost  any  desired  height.  The  force-pump  differs 
again  from  the  Jifliiig-pump  in  respect  to  its  piston-rnd, 
which  shoidd  not  be  Umger  than  is  absolutely  necessary  in 
order  ici  prcvimt  it  from  buckling,  while  in  the  lifting-pump 
the  JcngLli  of  the  piston-rod  is  a  matter  of  indiffereuce. 


221ft.  I>«>ul>le.ActinE  Pumps In  the  pumps  pre- 
viously described,  the  discharge  was  intermittent;  that  ii' 
the  pump  coulil  (July  discliarge  when  the  piston  was  m<iving 
in  one  direction.  In  snmc  cases,  It  is  necessi-rj-  that  there 
should  lie  a  continuous  discharge;  in  all  cases,  it  takes  iwire 
powcf  to  run  the  pump  wiih  an  intermittent  discharge,  asa 
liitle  consideration  will  show.  If  the  height  to  which  the 
water  is  to  be  raised  is  considerable,  its  weight  will  be  very 
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great,  and  the  entire  mass  must  be  put  in  motion  during 

one  stroke  of  the  piston. 

1q  order  to  obtain  the  advantage  of  a  more  continuous 
discharge,  double-acting  pumps  are  used.  Fig.  757  shows  a 
part  sectional  view  of  such  a  pump.  Two  pistons  «  and  i 
aie  used,  which  are  operated  by  one  handle  r,  in  the  n 


shown.  The  pump  has  one  suction-pipe  sand  one  discharge- 
pipe  d.  The  cylinders  e  and  /  are  separated  by  a  diaphragm 
^,  so  that  they  can  not  communicate  with  each  other  above 
the  pistons.  In  the  figure,  the  handle  c  is  moving  to  the 
right,  the  piston  a  upwards,  and  the  piston  i  downwards. 
As  the  piston  a  moves  upwards,  it  lifts  the  water  above  it, 
and  causes  it  to  flow  through  the  delivery-valve  //  into  the 
discharge-pipe  d.  This  upward  movement  of  the  piston 
creates  a  partial  vacuum  below  it  in  the  cylinder  .",  and 
causes  the  water  to  rush  up  the  suction-pipe  s  into  the 
24— eo 
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cylinder,  as  shown  by  the  arrows.  In  the  cylindery,  the  down* 
ward  movement  of  the  piston  b  raises  the  piston-vj^lve  r 
and  the  weight  of  the  water  on  the  suction-valve  /keeps it 
closed.  When  the  handle  c  has  completed  its  movement  to 
the  right,  and  begins  its  return,  all  the  valves  on  the  right- 
hand  side  open  except  v^  and  those  on  the  left-hand  side 
close  except  / ;  water  is  then  discharged  into  the  delivery- 
pipe  by  the  cylinder  y,  and  only  at  the  instant  of  reversal  is 
the  flow  into  the  delivery-pipe  d  stopped. 

221 6.  Air-Chamber*. — In    order   to   obtain  a  con- 
tinuous flow  of  water  in  the  delivery-pipe,  with  as  nearly  a 
uniform  velocity  as  possible,  an  air-chamber  is  usually 
placed  on  the  delivery-pipe  of  force-pumps  as  near  to  the 
pump-cylinder  as  the  construction  of  the  machine  will  allow. 
The  air-chambers  are  usually  pear-shaped,  with  the  small 
end  connected  to  the  pipe.     They  are  filled  with  air  which 
the  water   compresses  during   the   discharge.     During  the 
suction,  the  air  thus  compressed  expands,  and  acts  as  an 
accelerating   force   upon   the   moving   column   of  water,  a 
force  which  diminishes  with  the  expansion  of  the  air,  and 
helps    to   keep    the  velocity  of    the   moving   column   more 
nearly  uniform.     An  air-chamber  is  sometimes  placed  upon 
the  suction-pipe.     These  air-chambers  not  only  tend  to  pro- 
mote a  uniform  discharge,  but  also  to  equalize  the  stresses 
upon  the  pump,  and  i)rcvent  shocks  due  to  the  incompressi- 
bility   of  water.      They  serve   the  same  purpose  in  pumps 
that    a    fly-wheel    does    to    the    steam-engine.      Unless  the 
pump  moves  very  slowly,  it  is  absolutely  necessary  to  have 
an  air-chamber  on  the  delivery-pipe. 

2217.  Steam  -  Pumps. — Steam-pumps  are  force- 
pumps  operated  by  steam  acting  upon  the  piston  of  a  steam- 
engine  directly  connected  to  the  i)ump,  and,  in  many  cases, 
cast  with  the  j)ump.  A  section  of  a  double-acting  steam- 
pump  showing  the  steam  and  water  cylinders,  with  other 
details,  is  illustrated  in  Fig.  T/iS.  Here  G  is  the  steam- 
piston,  and  R  the  i)iston-r()il,  which  is  secured  at  its  other 
end  to  the  pump-plunger  P,     F  is  a  partition  cast  with  the 
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cylinder,  which  prevents  the  water  in  the  left-hand  half 
from  communicating  with  that  in  the  right-hand  half  of  the 
cylinder.  Suppose  the  piston  to  be  moving  in  the  direction 
indicated  by  the  arrow.  The  volume  of  the  left-hand  half 
of  the  pump-cylinder  will  be  increased  by  an  amount  equal 
to  the  area  of  the  circumference  of  the  plunger,  multiplied 
by  the  length  of  the  stroke,  and  the  volume  of  the  right- 
hand  half  of  the  cylinder  will  be  diminished  by  a  like 
^ount.     la  consequence  of  this,  a  volume  of  water  in  the 


right-hand  half  of  the  cylinder  equal  to  the  volume  dis- 
placed by  the  plunger  in  its  forward  movement  will  be 
forced  through  the  valves  V,  V  into  the  air-chamber  A, 
through  the  orifice  D,  and  then  discharged  through  the 
delivery-pipe  //.  By  reason  of  the  partial  vacuum  in  the 
left-hand  half  of  the  pump-cylinder,  owing  to  this  move- 
ment of  the  plunger,  the  water  will  be  drawn  from  the 
reservoir  through  the  suction-pipe  C  into  the  chamber  A' A", 
lifting  the  valves  S',S',  and  filling  the  space  displaced  by 
the  plunger.  During  the  return  stroke,  the  water  will  be 
drawn  through  the  valves  S,  S  into  the  right-hand  half  of 
the  pump-cylinder,  and  discharged  through  the  valves  V,  V 
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in  the  left-hand  half.  Each  one  of  the  four  suction  and 
four  discharge  valves  is  kept  to  its  seat  when  not  working 
by  light  springs,  as  shown. 

There  are  many  varieties  and  makes  of  steam-pumps,  the 
majority  of  which  are  double-acting.  In  many  cases,  Itjo 
Steam-pumps  are  placed  side  by  side,  having  a  common 
delivery-pipe.  This  arrangement  is  called  a  duplex 
pump.  It  is  usual  to  so  set  the  steam-pistons  of  dupUi 
pumps,  that  when  one  is  completing  the  stroke,  the  other 
is  in  the  middle  of  its  stroke.  A  double-acting  duplei 
pump  made  to  run  in  this  manner,  and  having  an  air- 
chamber  of  sufficient  size,  will  deliver  water  with  nearly  a 
uniform  velocity. 

In  mine-pumps  for  forcing  water  to  great  heights,  the 
plungers  arc  made  solid,  and  in  most  cases  extend  through 
the  pump-cylinder.  In  many  steam-pumps,  pistons  areused 
instead  of  plungers;  but,  when  very  heavy  duty  is  required, 
plungers  arc  to  be  preferred. 


2218.  Centrifugal  Pumps Next  to  the  direct-act- 
ing steam-pump,  the  centrifugal  pump  is  the  most  valuable 
instrument  for  raising 
water  to  great  heights 
'  that  has  yet  been  de- 
scribed. As  the  name 
denotes,  the  effects 
produced  by  centrifu- 
1  force  are  madeu« 
Fig.  750  repre- 
sents one  with  hall  n 
the  casing  removid. 
The  hub  5  is  holler, 
and  is  connected 
directly  to  the  suction- 
pijie.  The  curved 
e  revolved  with  a  high 
velociiy  in  tin:  direction  indicated  by  the  arrow,  and  the  air 
enclosed  between  ihcm  's  drivca  out  through  the  discharge- 


railed  1 


vines.  ; 
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ssag^e  and  delivery-pipe  D  D.  This  creates  a  partial 
cuum  in  the  casing  and  suction-pipe,  and  causes  the  water 
flow  in  through  ^'.  This  water  is  also  made  to  revolve 
ththe  vanes,  and,  of  course,  with  the  same  velocity.  The 
itrifugal  force  of  the  revolving  water  causes  it  to  fly  out- 
rds  towards  the  end  of  the  vanes,  and  becomes  greater 
i  farther  away  it  gets  from  the  center.  This  causes  it  to 
ve  the  vanes,  and,  finally,  to  leave  the  pump  by  means  of 
i  discharge-passage  and  delivery-pipe  D  D.  The  height 
which  the  water  can  be  forced  depends  upon  the  velocity 
the  revolving  vanes.  In  the  construction  of  the  centrif- 
al  pump,  particular  care  is  exercised  in  giving  the  correct 
ra  to  the  vanes;  the  efficiency  of  the  machine  depends 
iatly  upon  this  point  being  attended  to.  What  is  re- 
red  is  to  raise  the  water;  and  the  energy  used  to  drive 
pump  should  be  devoted  as  far  as  possible  to  this  one 
pose.  The  water,  when  it  is  raised,  should  be  delivered 
h  as  little  velocity  as  possible ;  for  any  velocity  which  the 
er  then  possesses  has  been  produced  at  the  expense  of 
energy  used  to  drive  the  pump.  The  form  of  the  vanes 
uch  that  the  velocity  with  which  the  water  leaves  the 
ip  is  reduced  to  an  amount  just  sufficient  for  its  delivery 
he  proper  height. 

he  number  of  vanes  depends  upon  the  size  and  capacity 
he  pump.  It  will  be  noticed  that  in  the  pump  shown  in 
figure,  the  vanes  have  sharp  edges  near  the  hub.  The 
ict  of  this  is  to  provide  for  a  free  ingress  of  the  water, 
also  to  cut  any  foreign  substance  that  may  enter  the 
ip,  and  prevent  it  from  working  properly, 
entrifugal  pumps  are  sometimes  used  to  raise  water 
feet  or  more,  but  they  \\^rk  much  more  economically 
heights  of  25  to  40  feet.  Almost  any  liquid  can  be 
2d  with  these  pumps;  but,  when  used  for  pumping  chem- 
>,  the  casing  and  vanes  are  made  of  materials  that  the 
nicals  will  not  affect. 

'ud,  gravel,  etc.,  can  also  be  raised  when  mixed  with 
er,  the  wear  due  to  these  impurities  being  very  slight. 
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POl^ER  REQUIRED  FOR 

221 9«  Rule. — In  all  pumps,  whether  lifting,  force, 
steam,  single  or  double-acting,  or  centrifugal,  the  number 
of  foot-pounds  needed  to  ivork  the  pump  is  equal  to  the  weight 
of  the  water  in  pounds^  multiplied  by  tlu  vertical  distance  in 
feet  between  the  level  of  t/ie  water  in  the  well^  or  source,  and 
the  point  of  discharge,  plus  the  work  necessary  to  overcome  the 
friction  and  other  resistances. 

2220«  Rule. —  The  work  done  in  one  stroke  of  a  pump 
is  equal  to  the  weight  of  a  volume  of  water  equal  to  the  vol- 
ume displaced  by  the  piston  during  the  stroke,  multiplied  by 
the  total  vertical  distance  in  feet  through  which  the  water  is 
to  be  raised,  plus  the  work  necessary  to  overcome  the  resistances, 

2221.  A  little  consideration  will  make  this  evident. 
Suppose  that  the  height  of  the  suction  is  25  feet;  that  the 
vertical  distance  between  the  suction-valve  and  the  point  of 
discharge  is  100  feet ;  that  the  stroke  of  the  piston  is  15  inches, 
and  its  diameter  is  10  inches.  Let  the  diameters  of  the 
suction-pipe  and  delivery-pipe  be  4  inches  each.  The  vol- 
ume displaced  by  the  pump  piston  or  plunger  in  one  stroke 

equals 

10' X  .7854  X  15 


1,728 


=  .G8177  cubic  foot. 


The  weight  of  an  equal  volume  of  water  =  .68177  X  ^%^- 
42.01003  pounds.  Now,  in  order  to  discharge  this  water,  all 
of  the  water  in  the  suction  and  delivery  pipes  had  to  be 
moved  through  a  certain  distance  in  feet  equal  to  .G8177, 
divided  by  the  area  of  the  pipes  in  square  feet. 

4  inches  =  i  of  a  foot,      (jy  X  .7854  =  ^-^^  =.0872}  sq. 

ft.     .08177  -^  .08721  =  7.8125  feet. 

The  weight  of  the  water  in  the  delivery-pipe  is  (i)'X 
.7854  X  100  X  02.5  -  545.42  pounds. 

The  weight  of  the  water  in  the  suction-pipe  is  (^)'X  .7854X 
25  X  02.5  =  i:]0.;35  pounds. 

545.42  +  i:]0.35  =  081.77  pounds  =  the  total  weight  of 
water  moved  in  one  stroke.     The  distance  that  it  is  moved 
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in  one  stroke  is  7.8125  feet.     Hence,  the  number  of  foot- 
pounds necessary  for  one  stroke  is  681.77  X  7.8125  =5,326.33 
foot-pounds.      Had  this  result  been  obtained   by  the  rule 
given  in  Art.  2220,  the  process  would  have  been  as  fol- 
lows: The  weight  of  the  water  displaced  by  the  piston  in 
one  stroke  was  found  to  be  42.61063  pounds.     42.61  X  125  = 
5,326.33  pounds,  which  is  exactly  the  same  as  the  result 
obtained  by  the  previous  method,  and  is  a  great  deal  shorter. 

Example. — ^What  must  be  the  necessary  horsepower  of  a  double- 
acting  steam-pump,  if  the  vertical  distance  between  the  point  of  dis- 
charge and  the  point  of  suction  is  96  feet  ?  The  diameter  of  the  pump- 
cyl^nder  is  8  inches;  the  stroke  is  10  inches,  and  the  number  of  strokes 
per  minute  is  120.    Add  |  for  friction,  etc. 

Solution. — Since  the  pump  is  double-acting,  it  raises  a  quantity  of 
water  equal  to  the  volume  displaced  by  the  plunger  at  every  stroke. 
The  weight  of  the  volume  of  water  displaced  in  one  stroke  =  (^)*  X 
.7854  X  H  X  62.5  =  18.18  lb.,  nearly. 

18.18  X  96  X  120  =  209.433.6  foot-pounds  per  minute. 

Since  -^  is  to  be  added  for  friction,  etc. ,  the  actual  number  of  foot- 
pounds per  mmute  is  209,433.6  -h  ^^*^'^  =  279,244.8. 

279  244  8 
One  horsepower  =  33,000  foot-pounds  per  minute ;  hence,       *  ^^^'    = 

8.462  H.  P.,  nearly.    Ans. 

DUTY    OF   A   PUMP. 

2222*  T/i^  duty  of  any  pump  or  pumping-cngtne  is  the 
number  of  pounds  of  water  raised  one  foot  high  for  each 
100  pounds  of  coal  burned  in  the  boiler. 

2223«  The  duty  is  calculated  by  multiplying  the  num- 
ber of  pounds  of  water  discharged  in  one  hour  by  100,  and 
by  the  total  height  in  feet  that  the  water  is  lifted,  and 
dividing  the  product  by  the  number  of  pounds  of  coal 
burned  during  the  hour.  Since  the  discharge  is  usually 
given  in  gallons,  the  following  formula  may  be  used,  in  which 

G  =  number  of  gallons  discharged  per  hour; 

h  =  total  vertical  distance  in  feet  between  the  level  of 

the  water  in  sump,  or  other  source  of  supply,  and 

the  point  of  discharge ; 
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IV  =  weight  in  pounds  of  coal  burned  per  hour; 
D  =  duty  in  foot-pounds. 

^^835_5^  (187.) 

Example. — What  is  the  duty  of  a  pump  whose  discharge  is  88,15^ 
gallons  per  hour,  the  height  of  lift  being  630  feet,  and  the  number  of 
pounds  of  coal  burned  per  hour  being  580  ? 

Solution. — Applying  formula  187, 

^      835.5  6^//       835.5X88.152X630      q^  nnA  aaa  /     *  i  i 

I?  = rjT = * — — =  80,000,000  foot-pounds,  nearly. 

An& 

2224.  If  every  unit  of  heat  developed  by  the  combus- 
tion of  100  pounds  of  coal  of  average  composition  could  be 
converted  into  the.  work  of  raising  water  without  any  loss 
due  to  friction,  leakage,  etc.,  the  duty  developed  would 
be  between  1,100,000,000  and  1,200,000,000  foot-pounds. 
Knowing  this  to  be  a  fact,  the  duty  cf  a  pump  is  a  measure 
of  its  actual  efficiency.  The  highest  duty  test  on  record, 
in  which  the  engines  used  were  of  the  triple-expansion  type, 
and  every  precaution  taken  to  insure  the  best  coal  being 
used,  gave  as  the  result  a  duty  of  about  143,000,000  foot- 
pounds, about  ^  of  the  full  value  of  the  coal.  This  is  con- 
sidered a  remarkable  result. 


MINE-PUMPING    MACHINERY. 

2225.  Cornisli  Pumplnji^-Eng^liies. — Until  within 
comparatively  recent  times,  the  so-called  Cornisti  pump- 
ing-enginc»  have  been  the  only  ones  used  for  removing 
the  water  from  the  mines.  This  engine  was  invented  by 
Watt  for  use  in  the  mines  of  Cornwall,  and  was  the  first 
really  effective  steam-engine  made.  An  illustration  of  a 
Cornish  pumping-engine  is  shown  in  Fig.  700.  The  cylin- 
der yi  is  single-acting;  that  is,  the  steam  acts  only  on  one 
side  of  the  piston.  Its  diameter  is,  in  this  case,  70  inches, 
and  its  stroke  is  10  feet.  B  is  the  piston-rod;  it  is  con- 
nected to  the  walking-beam  C  by  a  link  R,  In  Cornish 
pumping-engines,  the  steam  is  admitted,  through  the  valve 
in  /,  to  the  top  of  the  piston,  and  forces  it  down  towards  the 
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bottom  of  the  cylinder.      The  weight  of  the  pump-rods  and 
other  moving  parts  in  the  shaft,  called  the  pit-work,  is 


sufficient  to  raise  the  piston  to  the  top  of  the  cylinder  when 
the  steam  on  the  upper  side  of  the  piston  is  put  in  commu- 
nication with  the  lower  side.  The  cylinder  A  is  slcam- 
jacketed;   that  is,  the  cylinder-walls  are  hollow,  and  filled 
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with  steam  in  a  manner  similar  to  the  water-jacket  of  a 
air-compressor,  the  steam  entering  through  the  pipe  K. 

The  action  of  the  pump  is  as  follows :  Steam  is  admitte 
to  the  upper  side  of  the  piston  through  a  valve  in  /,  whi( 
is  operated  by  means  of  a  tappet-rod  H.  The  steam  is  ' 
high  pressure,  and  forces  the  piston-rod  downwards,  and ; 
the  same  time  raises  the  pit-work.  This  gathers  momentu 
while  coming  upwards,  and  the  steam  is  cut  off,  cxpandii 
during  the  rest  of  the  stroke.  Just  before  the  end  tk  t 
stroke,  what  is  termed  an  equilibrium-valve,  also  located 
the  casing  at  /,  opens,  and  allows  the  steam  in  the  upper  e 
of  the  cylinder  to  communicate  with  that  in  the  lower  ec 
The  two  pressures  being  thus  balanced,  the  heavy  pit-wc 
causes  the  right  end  of  the  walking-beam  C  to  descer 
raising  the  piston  to  the  top  of  the  cylinder  again.  T 
exhaust-valve  is  located  at  Z.  When  this  is  raised,  the  < 
haust  steam  flows  through  the  pipe  M  into  the  condenser 
Pis  a  small  pump  used  in  operating  the  condenser.  E  is 
catch,  intended  to  act  in  case  the  valves  should  fail  to  woi 
The  piston-rod  passes  between  two  blocks,  of  which  F\%o\ 
the  other  being  opposite.  If  the  left  end  of  the  walkir 
beam  should  descend  too  far,  a  cross-piece  on  the  catch-r 
E  is  caught  by  the  blocks  7%  and  prevents  any  further  dow 
ward  movement  of  the  piston.  It  will  be  noticed  that  t 
left  end  of  the  beam,  which  turns  on  the  journal  C,  is  long 
than  the  right  end.  This  is  made  thus  in  order  to  have  tl 
stroke  of  the  pumps  less  than  the  stroke  of  the  steam-cyli 
der,  which,  in  many  cases,  is  longer  than  it  is  desired  i 
have  the  pump-stroke.      If  s  represents  the  length  of  ti 

C  Y 

piston-stroke,  the  pump-stroke  will  be  .y  X  , ,  ^,  when  X Tar 

C  Y  represent  the  lengths  of  the  two  arms  of  the  beam  J 
shown  in  the  cut. 

2226.  Cornish  Bull  Engine.— In  Fig.  761  are  show 
two  views  of  a  Cornish  Bull  engine  and  pump.  This  sty 
of  pumping-enginc  is  made  by  many  firms,  and  differs  bi 
very  little  in  regard  to  details.     Here  the  walking-beam 
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dispensed  with,  and  the  cylinder  is  placed  directly  ove:x"  the 
shaft,  the  pit-work  being  attached  to  the  piston  itself^  In 
this  case  also  the  cylinder  is  single-acting,  the  steam  treeing 
admitted  below  the  piston  instead  of  above  it,  as  irm-  the 
engine  described  in  Fig.  7G0.  The  condenser  is  us  -ajally 
omitted  in  this  class  of  pumps,  the  steam  exhausting  directly 
into  the  atmosphere.  The  pump  shown  is  for  a  single  lift; 
for  depths  greater  than  about  350  feet,  the  lift  is  gene:  xally 
in  two  or  more  operations,  which  will  be  described  1  .^^ter. 
In  case  the  weight  of  the  pit-work  should  be  greater  "Chan 
necessary  to  force  the  water  up  the  required  height,  the 
extra  weight  is  counterbalanced  in  a  manner  to  be  de- 
scribed later. 

The  Bull  pumping-engine  possesses   several  advant-^ges 
over  the  Cornish  pump.     The  heavy  walking-beam  and  its 
connections  are  dispensed  with;  this  lessens  the  first  crost; 
the  friction  is  greatly  reduced;  the  advantage  of  havings 
direct-acting  engine  is  also  obtained.     The  principal  disad- 
vantage is  that,  the  pump  being  directly  over  the  shaft,  it 
takes  up  a  great  deal  more  room,  where  space  is  necessary, 
than  the  Cornish  pump. 

Cornish  and  Bull  pumps  both  use  steam  expansively- 
They  do  not  have  fly-wheels  to  absorb  the  energy  of  the 
early  part  of  the  stroke  and  give  it  out  again  at  the  end, 
but  utilize  the  heavy  pit-work  to  accomplish  the  same  pur- 
pose. The  number  of  expansions  ranges  from  fcnir  to  ten; 
that  is,  the  steam  is  cut  of!  from  ^  to  -j'y  stroke.  When 
using  more  than  G  expansions  (J-  cut-off),  the  strain  pro- 
duced on  the  machinery  becomes  very  heavy,  and  the 
resulting  wear  and  tear  of  the  machinery  more  than  makes 
up  for  the  increased  economy  in  the  use  of  steam.  Many 
engineers  claim  that  four  expansions  are  the  most  eco- 
nomical 

2227.  In  the  following  table,  the  sizes  of  a  number  of 
Bull  engines  and  pumps  in  use  in  the  Wyoming  coal-fields 
are  given.  The  number  of  gallons  discharged,  given  in 
this  table,  is  the  actual  quantity  delivered. 


HYDROMECHANICS  AND  PUMPING. 


45 


BNGINBS. 


neter 

Length 

No.  of 

Diameter 

Diameter 

>f 

of 

Strokes  per 

of 

of  Exhaust- 

ader. 

Stroke. 

Minute. 

Steam-Pipe. 

Pipe. 

in. 

9  ft. 

15 

6  in. 

Sin. 

in. 

10  ft. 

12 

Sin. 

10  in. 

in. 

10  ft. 

10 

9  in. 

12  in. 

•    • 

in. 

10  ft. 

8 

10  in. 

14  in. 

PUMPS. 


ter 

Stroke 

Diameter 

Diameter  of 

Gallons 

Height 

of 

of  Suction- 

Discharge- 

per 

of 

er. 

Plunger. 

Pipe. 

Pipe. 

Minute. 

Lift. 

I. 

9  ft. 

20  in. 

20  in. 

2,203 

84  ft. 

I. 

10  ft. 

21  in. 

21  in. 

1,958 

300  ft. 

I. 

10  ft. 

23  in. 

23  in. 

1,075 

j  600  ft. , 
(      2  lifts. 

I. 

10  ft. 

25  in. 

25  in. 

1,880 

j  833  ft., 
/      2  lifts. 

28.  In  nearly  every  case  where  surface  pumps  are 
3  raise  water  from  great  depths,  plunger  (force)  pumps 
iployed,  the  weight  of  the  pit-work,  which  includes 
sight  of  the  plungers,  being  sufficient  to  overcome  the 
:  of  the  water  and  the  friction  attending  its  motion. 


J9.  In  Fig.  762  is  shown  a  section  of  a  lifting-pump 
e  in  mines.  The  pump  consists  of  a  series  of  pipes 
:ted  together,  of  which  the  lower  end  only  is  shown  in 
t.  That  part  of  the  pipe  included  between  the  letters 
I  B  forms  the  pump-cylinder,  in  which  the  piston  P 
The  part  above  the  highest  point  of  the  piston 
is  the  delivery-pipe,   and  the  part  below  the  lowest 
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point  of  the  piston  travel  is  the  si 
pipe.  When  speaking  of  these  ps 
applied  to  mine-pumps,  the  delivei 
is  usually  termed  the  ^vorklng  b 
and  the  suction-pipe  the  vrlnd-bor* 

In  all  cases  of  mine-pumps,  the  low 
of  the  wind-bore  is  pear-shaped,  ar 
forated  with  many  small  holes,  to  kee 
matter  in  the  water  from  enterii 
pump  and  destroying  the  valves.  Ii 
cases,  the  pear-shaped  end  is  covere> 
gauze  for  the  same  purpose.  C  is  . 
covering  in  the  pipe,  which  may 
moved  to  allow  the  suction-valve 
repaired.  D  is  another  plate  cove 
similar  opening,  to  allow  the  pisK 
piston-valves  to  be  repaired.  The  ] 
rod,  or,  rather,  the  piston-stem,  is 
of  wrought  iron,  inserted  with  woo 
connected  to  the  piston  in  the  n 
shown  by  the  cut.  The  only  limit 
height  to  whicli  a  pump  of  this  kii 
raiso  water  is  the  strength  of  the  ] 
r<ul.  The  pipe  continues  straigh 
wards  in  the  direction  of  the  arrow. 

The  pision-rud  is  raised  by  means 
engine  siniated  at  the  surface — «i 
Cornish  engine,  Bull  engine,  or  an 
nary  hnri/.ontal  steam-engine — opera 
walking-beam  in  a  manner  hereafter 
described. 

2230.  The  lifting-pump  shown  i 
"T,!.),  iviiere  a  separate  pipe  is  used  t 
vey  the  waur  from  the  pump-cylin 
the  point  of  ilischarge,  requires  the 
:  rod  lo  be  rnvind,  and  to  pass  thru 
stufiing-bux,  as  shown,   in  order  to  p 
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leakage.     The  pump  shown  in  Fig.  762  may  have  a  rod  oc: 
any  shape,  and  no  stuffing-box  is  required. 

2231.  In  Fig.  763  is  shown  a  plunsrer-pump  (forc^ 
pump)  used  in  connection  with  the  Bull  engine  shown  i- 
Fig.  761 ;    {d)  is  an  elevation  of  the  pump,  and  (a)  is  a  se^ 
tion  drawn  to  a  larger  scale,  showing  the  pump-cylinder 
valves.     As  will  be  seen,  the  plunger  A  is  hollow,  the  weig 
of  the  heavy  rod  B  and  connections  being  sufficient  to  rai  ^ 
the  water  to  the  required  height.     The  method  of  attaching 
the  rod  to  the  plunger  is  fully  shown  by  the  cut.     Suppose 
the  plunger  to  be  on  the  down  (indoor)  stroke;    the  valve  r 
is,  of  course,  closed ;    the  water  filling  the  pump-cylinder  is 
forced  through  the  valve  Z>,  which  it  opens,  and  up  the  de- 
livery-pipe £.      When  the  plunger  reaches  the  end  of  its 
stroke  and  begins  its  return,  the  weight  of  the  water  forces 
the  valve  D  to  its  seat,  retaining  the  water  above  it  in  the 
discharge-pipe  £,     As  the  plunger  moves  upwards,  it  leaves 

a  partial  vacuum  behind  it,  causing  the  water  to  rush  up  the 
suction-pipe  7%  lift  the  valve  r,  and  fill  the  pump-cylinder. 
The  plunger  makes  another  downward  stroke,  and  the  above 
process  is  repeated.  6^  is  a  standard  attached  to  the  deliv- 
ery-pipe, the  lower  end  resting  on  a  foundation.  This  is 
necessary,  since  the  great  weight  of  the  water  in  the  dis- 
chargc-])ipe  and  the  weight  of  the  pipe  itself  would  break  it 
off  at  the  bend,  unless  supported  in  some  such  manner; 
otherwise  tlie  thickness  of  the  metal  around  the  bend  would 
necessarily  be  enormous. 

A  top  view  of  tlic  valves  is  shown  at  (c).  They  con- 
sist of  six  triangular  valves  arranged  in  a  circle,  with  their 
apexes  pointinj^^  towards  the  center.  These  six  valves,  turn 
upwards  on  hinges,  and  are  prevented  from  going  too 
far  by  the  projection  (/;  sec  (a).  Three  of  the  valves 
have  been  removed  so  as  to  show  the  amount  of  valve- 
opening  which  they  give.  When  the  valves  are  open,  they 
form  an  angle  of  about  45^  with  their  position  when  closed. 

2232.  Aclvantajjcs  and  1>isadvanta{i:es  of  Lift- 
Pumps. — It  is  easier  to  specify  the  objections  to  lift-pumps 
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than  to  state   their   advantages   over   the  plunger-pumps. 
The  pump-rod,  being  necessarily  inside  of  the  delivery-pipe, 
reduces  the  effective  area  of  pipe,  and  increases  the  friction 
of  the  water  to  some  extent,  owing  to  the  added  surface 
rubbed  against.     The  rods  are  concealed,  and  can  not  be 
inspected  without  removing  the  entire  rod.     Not  only  do 
the  bolts  and  rods  sometimes  break,  thus  rendering  their 
recovery  difficult,  but  the  bolts  will  wear  against  the  stocks, 
causing  loss  of  power  by  friction  and  destroying  the  pipes. 
Lift-pumps  are  not  so  liable  to  sudden  injurious  strains 
as  the  plunger-pumps.     They  are  better  adapted  for  sinking 
purposes   than   the  plunger-pumps,    the    impurities  in  the 
water  being  less  harmful  than  in  the  case  of  plunger-pumps. 
The  plunger  type  of  pumps  is  superior  to  the  lift-pump 
in  nearly  every  respect  for  very  high  lifts,  with  the  accom- 
panying   heavy   pressure,    or   when   dirty   water   is   being 
raised.     When  pumping  against  a  heavy  pressure,  it  is  im- 
possible to  keep  the  piston  of  lift-pumps  tight,  and  prevent 
the  water  from   leaking.     The  piston   and  cylinder  of  the 
Wt-pump  must  in  every  case  be  a  perfect  fit,  and  be  truly 
cylindrical.     With  plunger-pumps^  on  the  contrary,  the  rod 
passes  through  a  stuffing-box,  and  the  plunger  may  or  may 
^ot  fit  the  cylinder.     When  pumping  dirty  water,  the  grit 
Comes  in  contact  with  the  surface  that  the  piston  of  a  lift- 
Pump  is  constantly  traveling  over,  and  destroys  both  the 
cylinder  and  piston  very  rapidly;  whereas,  the  plunger  has 
^0  be  kept  tight  at  only  one  permanent  place,  and  the  dirt 
cannot  very  well  get  at  the  surface  of  the  packing  on  which 
^he  plunger  or  plunger-rod  rubs.     Every  part  of  a  plunger- 
Pump  can  be  readily  examined  and  repaired  without  taking 
^own  the  wholfe  apparatus. 


PUMP    DETAILS. 


VALVES. 

2233.  A  section  of  a  pump  clack-valve  is  shown  in 
Pig.  764.  A  and  B  are  the  clacks,  lined  with  leather  on  the 
bottom,  to  make  a  tighter  fit  on  the  scat,  and  thus  do  away 
with  the  necessity  of  grinding  the  valve  when  fitting.      Cis 

21 
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a  small  casting  for  the  clacks  to  strike  against,  so  as  to  pr^ 
vent  them  from  opening  too  far,  and  E  is  the  pin  or  axle  (tm 
irhich  tbey  turn.  D'vs,A  cylindrical  casing  having  a  flanpw: 
around  the  outside  near  the  middle.  The  upper  part  cm 
this  casing  forms  the  valve-seat.     These  valves  are  of  ttr- 


typ. 


1  n<;  the  butterfly  valve,  and  are  used  more 
tlKT  tonn  for  pumps  at  collieries,  principaliv  lo- 
calise i  if  their  rlicapness,  simplicity  of  construction,  and  ihs 
fact  that  tiicy  i."m\  be  set  up,  repaired,  or  replaced  by  any 
one  wh<)  is  hanily  with  tools. 

2234.  Fiff.  T'!.')  shows  a  section  of  what  is  termed  a 
«tlntclc-l>eat  valve.  A  is  the  valve;  //  is  a  stem  which 
forms  a  part  of  the  liaek  of  the  valve  and  acts  as  a  gui^e 
in  the  bearing  D.  C,  C,  C,  C  are  rubber  rings,  kept  in 
position  between  the  flange  of  the  fixed  bearing  J}  and  the 
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back  of  the  valve  A  by  means  of  the  stem,  and  separated 

by  the   washers 

£,£,£.     When  the 

water    raises    'the 

valve,  the  rings  are 

compressed,  and  the 

skjck  which   would 

be  produced  by  tbe 

Valve    striking-   the 

flange  is  done  away 

with,  and  with  it  the 

liability  of  breaking 
the  valve.  The 
ings  likewise  assist 
•"  closing  the  valve, 
^his  is  called  a 
fiingle-beat    valve, 


because  there  is  but 
one  opening.  These 
valves  are  used  for 
lifts  up  to  500  feet. 

2235.  For  lifts 
up  to  300  feet.  India- 
rubber  disk  valves 
give  good  satisfaction. 
Fig.  TOO  shows  one  cf 
ordinary  construction. 
An  India-rubber  disk 
A  is  fixed  over  the 
center  of  the  grid  B. 
When  the  water 
rushes  through  the 
holes,  the  rubber  disk 
is  lifted  at  its  ends 
until  it  strikes  the 
curved  piece  C,  whicb 
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is  placed  there  to  keep  the  valve  from  opening  too  far. 
The  grid,  or  seat,  B  is  filled  with  holes,  through  which  the 
water  passes.  This  valve  works  well,  but  is  not  satisfac- 
tory on  account  of  the  necessity  of  constantly  renew- 
ing it.  The  valve  can  not  turn,  and,  therefore,  rises 
and  falls  back  into  the  same  position  every  time.  Incon- 
sequence of  this,  the  heavy  water  causes  those  portions  of 
the  rubber  disks  which  cover  the  holes  in  the  seat  to  be 

j^^  pressed  in\yards,  and 
the  valves  wear  out 
very  fast.  To  obviate 
this  difficulty,  the 
holes  in  the  grid  are 
slanted,  as  shown  in 
Fig.  7G7,  and  a  small 
brass  collar  is  fixed  to 
the  center  of  the  disk. 
The  water,  rushing  in 
Fig.  767.  at    an    angle,   rotates 

the  valve  slightly  each  time,  thus  presenting  a  new  surface 
to  the  holes  in  the  scat,  and  reducing  the  wear  to  a  mini- 
mum. In  a  later  construction  of  this  valve,  the  grid  pas- 
saii^cs  arc  vertical,  as  in  Fig.  7GG,  but  the  disk  itself  has 
inclined  teeth  cut  in  the  circumference.  This  answers  the 
same  i)urp()se  as  the  method  shown  in  Fig.  707,  and  is  supe- 
rior to  it,  since  the  direction  of  the  water  is  not  changed  by 
inclined  openings. 


2236.  A  section  of  a  Cornisli  double-beat  valve  is 
shown  in  Fi^.  70S.  This  valve  is  deservedly  a  favorite,  and 
is  used  when  hiij^h  pressures  are  required.  Besides  being 
used  for  a  water- valve,  it  may  be  used  for  steam  or  air. 
These  valves  have  been  applied  to  pumps  working  against  a 
head  of  7<)()  feet  with  entirely  satisfactory  results.  TheV 
are  called  (louble-l)eat  valves  because  they  have  two  seats 
and  two  openings  for  discharge.  A  is  the  casing  which 
slides  on  the  vertical  stem  /';  when  down,  it  rests  on  the 
valve-seats  at  C  and  1).     When  the  pressure  below  becomes 
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Iter  than  that  above,  it  raises  the  casing,  and  the  water 
lischarged  through  the  circular  openings  at  C  and  D. 
:  rib  around  the  outside  o£  the  casing  is  for  the  purpose 
strengthening  it.      The   valve-seats  are   conical.      The 


Fio,  T«8. 

re  shows  that  one  opening  discharges  the  water  outside 
he  valve,  and  the  other  through  the  inside.  In  some 
s  the  valve-seats  are  flat  instead  of  conical,  and  have  a 
)  of  rubber  extending  around  the  entire  seat. 


PIPES. 

237.  The  pipes  used  to  convey  the  water  from  the 
;  to  the  surface  are  generally  made  in  sections  of  about 
'eet  in  length,  with  flanges  on  each  end  to  bolt  them 
ther.  The  usual  practice  is  to  make  them  of  cast  iron; 
1  the  water  is  not  injurious,  however,  they  are  some- 
smadeof  wrough t  iron,  on  account  of  the  great  reduction 
sight;  wrought  iron  beinp  so  much  stronger  than  cast 

the  thickness  of  the  pipe  may  be  a  great  deal  less. 
number  of  different  fi>rins  of  joints  are  used,  one  of 
)est  being  shown  in  Fig.  TUf.      The  projection  B  (some- 
s  called  a  spigot)  is  made  just  strong  enough  to  pre- 

its  being  broken  when  connecting  up  the  pipes;  its 
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purpose  13  to  keep  the  pipes  Jn  line.  C  ij  a  ring  of  lead,  or 
wrought  iron,  from  i  to  ^  inch  thick;  its  purpose  is  to  make 
a  tight  joint,  and  it  is  wrapped  with  flannel,   or  common 


woolen  cloth   soaked  in  tar. 


The  lead  ring  is  preferred  on 
account  of  the  wrought-iron 
one  having  a  decided  ten- 
dency to  corrode.  When 
wrought-iron  rings  are 
used,  the  pipes  must  be 
faced,  but  this  is  not 
necessary  when  lead  is 
employed,  owing  to  its 
softness.  In  all  first-class 
work  the  pipe-Ranges  are 
faced.  The  bolts  are  dis- 
tributed around  the  flange, 
as  shown  in  the  plan. 

2238.     A   somewhat 
lilar   joint   is   shown  in 


e  flinge  is  strengthened  by  heavy  ribs,  to 
k  1  en  tightening  the  nuts. 

lit,  which  will  withstand  pres- 
]>i;r   square   inch,   is  shown  in 
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mm  Pi&-  771.  It  coiuists  of  two  ordinary  flanges,  faced 
straight  across,  having  a  triangular  groove  cut  in 
each.  A  E'ltta-percha  cord  is  made  into  a  ring  by 
cutting  its  ends  beveling, 
and  making  the  cord  of 
just  such  a  length  as  will 
equal  the  circumference  j 
of  the  V  groove.  The  cord  ^ 
is  then  laid  in  the  groove  ^ 
with  the  two  ends  match- 
ing, and  when  the  nuts  are 
screwed  down,  the  cord 
spreads,   filling  the  entire 

groove  as  shown.  The  greater  the  pressure  in  the 
pipe,  the  greater  the  stress  on  the  flat  surface  of 
the  triangular  ring;  consequently,  the  greater  the 
compression  of  the  gutta-percha,  the  better  the 
joint. 

ROD-JOINTS. 

2240.     A  method  of  connecting  the  .different 

sections  of  the  pump-rod  (also  called  spfar-rod)  is 
shown  in  Fig.  772.  Here  the  two  ends  of  the  rod 
are  squared,  and  placed  butt  to  butt  at  A.  Four 
wrought-iron  plates  are  then  bolted  on,  the  bolts 
passing  through  the  rod.  Some  colliery  engineers 
object  to  four  plates,  claiming  that  the  extra  bolts 
reduce  the  strength  of  the  rod  too  much;  hence 
they  use  two  plates.  Four  plates  stiffen  the  rod  a 
great  deal  more  than  two,  and,  since  the  rods  are 
usually  made  a  great  deal  larger  than  absolute 
strength  requires,  it  is  better  to  have  four  plates 
than  two.  These  plates,  called  strapplng-plotes, 
are  usually  made  thick  in  the  middle,  where  the 
joint  comes,  and  then  tapering  in  both  directions 
to  half  that  thickness  at  the  ends.  Many  engineers 
make  them  of  equal  thickness  the  whole  length,  in 
order  to  save  the  extra  cost  of  forging. 
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2241*  Figf.  773  shows  two  views  of  a  joint  in  which 
cast-iron  strapping-plates  are  used.  In  this  case,  the  bolts 
do  not  pass  through  the  rod,  but  to  one  side.  Two  plates 
are  used,  which  have  rectangular-shaped  lugs  yl,  on  the  bot- 
tom, between  which  the  wooden  part  of  the  rod  fits  exactly. 
The  two  parts  of  the  rod  are  held  together  by  the  friction 
between  the  rods  and  the  plates.  This  is  an  excellent  joint, 
and  is  to  be  commended,  when  properly  made. 

22-42.     In   Fig.   774  is  shown  another  excellent  joint, 
'Which  must  be  made  with  great  care.     The  two  ends  of  the 
pieces  forming  the  joint  are  cut  like  A  and  C.     They  are 
placed  together,  and  the  two  strapping-plates  put  on  simi- 
larly to  the  method  shown  in  Fig.  772.     Then  a  square  pin 
-^  is  driven  in,  and  in  the  best  construction  two  other  plates 
^re  bolted  to  the  other  two  sides.     This  is  a  costly  joint,  on 
account  of  the  great  care  necessary  to  make  the  two  pieces 
fit.      It  is  a  good  plan,  however,  to  use  it  when  practicable. 
-All   pieces  forming  the  rod  should  be  of  equal  length,   in 
order  that  one  piece  may  be  readily  taken  out  and  replaced 
"by  a  duplicate,  when  repairs  are  necessary.    A  fair  length  to 
allow  would  be  thirty  feet.     They  should  be  longer,  rather 
than  shorter  than  this,  in  order  to  reduce  the  number  of 
joints,  but  it  would  be  well  not  to  exceed  forty -five  feet. 
In  all  cases,  the  joints  should  be  so  made  that  there  will  be 
no  **lost  motion  ";  that  is,  that  there  shall  not  be  any  space 
between  the  two  ends  joined  together,  so  that  they  will  be 
liable  to  wear  and  have  a  little  end-play  when  the  direction 
of  the  stroke  is  reversed.     All  such  lost  motion  shortens 
the  stroke  of  the  engine,  and  lessens  the  discharge,  besides 
increasing  the  wear  and  tear. 

2243«  When  several  plungers  ars  operated  by  one  rod. 
as  is  usually  the  case  with  deep  shafts,  they  are  connected 
to  the  rod  by  means  of  an  off-set,  see  Fig.  775.  The  cut 
shows  three  views  of  the  most  common  method  adopted  for 
uniting  the  plunger-pole  and  the  main  pump-rod.  I)  is  the 
plunger-pole;  £  the  main  pump-rod;  F  the  off -set;  By  B 
are  staples  made  of  round  iron  bars,  on  which  a  screw-thread 
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2241  •  Fij^.  773  shows  two  views  of  a  joint  in  which 
:ast-iron  strapping-plates  are  used.  In  this  case,  the  bolts 
io  not  pass  through  the  rod,  but  to  one  side.  Two  plates 
ire  used,  which  have  rectangular-shaped  lugs  yl,  on  the  bot- 
om,  between  which  the  wooden  part  of  the  rod  fits  exactly. 
The  two  parts  of  the  rod  are  held  together  by  the  friction 
)etween  the  rods  and  the  plates.  This  is  an  excellent  joint, 
ind  is  to  be  commended,  when  properly  made. 

22-42.  In  Fig.  774  is  shown  another  excellent  joint, 
^hich  must  be  made  with  great  care.  The  two  ends  of  the 
nieces  forming  the  joint  are  cut  like  yl  and  C.  They  are 
jlaced  together,  and  the  two  strapping-plates  put  on  simi- 
arly  to  the  method  shown  in  Fig.  772.  Then  a  square  pin 
^  is  driven  in,  and  in  the  best  construction  two  other  plates 
ire  bolted  to  the  other  two  sides.  This  is  a  costly  joint,  on 
iccount  of  the  great  care  necessary  to  make  the  two  pieces 
it.  It  is  a  good  plan,  however,  to  use  it  when  practicable. 
\11  pieces  forming  the  rod  should  be  of  equal  length,  in 
)rder  that  one  piece  may  be  readily  taken  out  and  replaced 
>y  a  duplicate,  when  repairs  are  necessary.  A  fair  length  to 
illow  would  be  thirty  feet.  They  should  be  longer,  rather 
:han  shorter  than  this,  in  order  to  reduce  the  number  of 
ioints,  but  it  would  be  well  not  to  exceed  forty -five  feet. 
[n  all  cases,  the  joints  should  be  so  made  that  there  will  be 
ID  **lost  motion  ";  that  is,  that  there  shall  not  be  any  space 
Detween  the  two  ends  joined  together,  so  that  they  will  be 
iable  to  wear  and  have  a  little  end-play  when  the  direction 
>f  the  stroke  is  reversed.  All  such  lost  motion  shortens 
Lhe  stroke  of  the  engine,  and  lessens  the  discharge,  besides 
increasing  the  wear  and  tear. 

2243*  When  several  plungers  ars  operated  by  one  rod. 
IS  is  usually  the  case  with  deep  shafts,  they  are  connected 
to  the  rod  by  means  of  an  off-set,  see  Fig.  775.  The  cut 
shows  three  views  of  the  most  common  method  adopted  for 
uniting  the  plunger-pole  and  the  main  pump-rod.  D  is  the 
plunger-pole;  H  the  main  pump-rod;  7''  the  off -set;  B^  B 
are  staples  made  of  round  iron  bars,  on  which  a  screw-thread 
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is  cut  at  each  end ;  A,  A  are  the  glands  or  cross-bars,  shown 
in  the  plan,  against  which  the  nuts  are  tightened. 


CATCHES. 

2244.  In  order  to  prevent  the  pump-rods  from  falling 
down  the  shaft,  in  case  ()f  the  valve-gear  refusing  to  work, 
and  thus  allowing  the  piston  to  blow  through  the  cylinder, 
a  catch  is  located  at  the  top  of  the  shaft.     Fig,  776  shows 


Fig.  rre. 

the   arrangement  t>f  one  of  these  citches      It   consists  of 
two  cast-iron  pieces  A,  y/,  attached  to  the  pump-rod  D  by 
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means  of  bolts.  These  bolts  do  not  pass  through  the  rod, 
but  are  situated  on  the  sides,  very  close  to  it,  so  as  not  to 
weaken  the  rod.  C,  C  are  two  banging-piecta;,  one  end  of 
which  is  carried  to  the  sides  of  the  shaft,  the  other  end 
being  secured  to  two  beams  which  are  stretched  across  the 
shaft,  and  between  which  the  rod  moves.  The  catch  and 
binging- pieces  are  so  located  that  the  piston  can  not  touch 
the  cylinder-head  in  any  case. 

Another  method  is  to  secure  two  wooden  pieces  on  each 
side  of  the  rod  by  means  of  bands  having  screw-threads 
cm  on  the  ends,  in  much  the  same  manner  that  the  off -set 
*as  arranged  in  Fig.  775.  When  the  shaft  is  very  deep, 
and  there  are  several  phingers  operated  by  one  rod,  it  is 
Usual  to  have  a  catch  near  each  plunger. 


GVIDING  THB  BODS. 

2245.     The  usual  manner  of  guiding  the  rods  is  illus- 
trated in  Fig  777      Two  beams  4   A  arc  placed  across  the 


shaft,  and  two  crosspieces  B,  B  are  attached  to  them.  On 
«ach  of  these  four  pieces  is  a  rubbing-block,  the  rod  sliding 
loosely  between  them.        

GENERA  I,  ARRANGEMENT. 

2246*  The  entire  arrangement  of  shaft,  pump-rods, 
engines,  counterweights,  etc.,  is  shown  in  Fig.  77S.  In- 
stead of  a  Cornish  or  Bull  engine,  as  has  been  heretofore 
described,  an  ordinary  horizontal  engine  is  used. 
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Fhe  type  of  engine  empioyed  in  this  case  is  a  Corliss- 
■•red  cosine-  Fig.  779  shows  in  greater  detail  an 
engine  of  different 
make,  but  the  same  in 
principle  as  the  one 
shown  in  Fig.  778, 
and  which  is  used  for 
the  same  purpose.  In 
an  arrangement  of 
this  kind,  it  is  neces- 
sary that  the  pump- 
rod  !;hou]d  move  very 
slowly  while  the  steam 
economy  is  increased 
by  higher  speeds. 
Hence,  in  Fig.  779, 
the  crank-shaft  has 
keyed  to  it  a  stepped 
pinion,  which  meshes 
into  a  very  large 
stepped  gear-wheel, 
A  second  crank  is 
keyed  to  the  shaft  of 
the  large  gear-wheel, 
and  to  it  i:i  attached 
one  end  of  a  long 
wooden  connecting- 
rod  T,  whose  other 
end  is  attached  to  a 
bell-crank  in  a  man- 


clearly 
Thescci 


Fig.  ',1^. 
crank  thus 
communicates  its  mo- 
tion to  the  bfll-crank 
A,  Fig.  778,  which  in 
turn  ojierati'S  the 
pump-rod  in  ihe  shaft. 
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On  account  of  the  great  length  of  the  rod  (over  1,600  feet), 
its  weight  added  to  the  weight  of  the  plungers  is  considera- 
bly more  than  the  weight  of  the  water-column;  hence,  to 
save  the  extra  power  which  would  be  required  to  be  used  in 
raising  this  extra  weight,  it  is  counterbalanced.  A  coun- 
terbalance-weight A'  is  placed  on  one  end  of  the  bell-crank 
A ;  two  other  bell-cranks,  B  and  C,  are  located  down  the 
shaft,  one  end  carrying  the  counterweight  A'  and  the  other 
end  being  connected  to  the  pump-rod  by  means  of  a  link 
and  the  cast-iron  off-sets  D  and  F, 

The  shaft  itself  is  square,  one  side  measuring  32  ft.  10  in. 
The  water  is  raised  by  four  lifts,  the  first,  to  A",  being  360. 8 
ft.,  and  the  other  three  328  ft.  each.  In  this  particular  in- 
stance, the  water  is  discharged  into  a  tunnel  iV,  about  300 
feet  below  the  surface.  The  pump-rod  goes  straight  down 
the  shaft,  and  the  discharge-pipes  are  placed  alternately  on 
each  side  of  it.  y  is  a  suction-pipe ;  /  is  a  bracket,  one  end 
of  which  is  attached  to  the  pump-rod  and  the  other  end 
to  the  pump-plunger  V,  On  the  down  stroke,  the  water  is 
forced  out  of  the  pump-cylinders  and  up  the  pipes  Q,  R^  5, 
and  f/,  discharging  at  A',  Z,  J/,  and  N,  The  discharge-pipe 
is  8  inches  in  diameter. 

This  pumping  arrangement  possesses  several  advantages 
over  the  Cornish  or  Bull  pumping-engines.  The  fly-wheel 
permits  a  more  even  distribution  of  the  power.  The  length 
of  the  stroke  is  always  the  same,  and  there  is  no  danger  of 
damage  caused  l)y  the  piston  being  blown  through  the 
cylinder-head,  should  the  valve-gear  refuse  to  work. 

The  crank,  instead  of  being  made  as  shown,  may  be  made 
in  the  form  of  a  circuhir  disk,  and  have  several  pins  on  it  at 
varying  distances  from  the  center,  so  that  the  stroke  of  the 
engine  may  be  lengthened  or  shortened,  if  desired.  This, 
however,  is  not  recommended.  The  engine  can  also  run  at  a 
great  deal  hiti^her  speed,  while  the  pump-rods  move  no  faster 
than  the  Cornish  type.  The  gears  increase  the  engine 
friction  to  some  extent,  but  the  loss  from  this  source  is 
probably  no  more  than  in  the  case  of  the  walkin^-beanj 
engine. 
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BALANCING  THB  PUMP-RODS. 

2247*  It  has  been  stated  that  the  water  is  forced  up- 
wards by  the  weight  of  the  descending  pit-work.  The  weight 
of  the  pit-work  must  then,  of  course,  be  greater  than  the 
weight  of  the  ascending  column  of  water,  and  the  velocity 
of  the  descending  pit-work  will  depend  directly  on  the  differ- 
ence between  its  weight  and  the  weight  of  the  water-colamn. 
There  is,  however,  a  practical  limit  which  the  speed  of  the 
pit-work  may  not  exceed;  viz.,  about  200  feet  per  minute,  or 
less.  One  reason  for  this  limit  is  the  liability  of  the  piston 
to  pound  the  cylinder-head,  if  moving  too  fast ;  and  another 
is  that  the  velocity  of  the  water  in  the  pipe  should  be  not 
more  than  200  to  250  ft.  per  minute.  If,  then,  the  differ- 
ence between  the  weight  of  the  pit-work  and  of  the  water- 
column  be  too  large  for  the  required  velocity,  a  balance-bob 
nxust  be  resorted  to,  as  shown  in  Fig.  778.     The  pump-rod, 

• 

*n  descending,  has  not  only  to  raise  the  water-column,  but 
^Iso  to  lift  the  weight  at  the  end  of  the  bell-crank.  The 
S|>eed  of  the  descending  pit-work  can  thus  be  exactly  regu- 
*^ted  by  the  weight  of  the  balance. 

2248*  As  an  example,  suppose  the  weight  of  the  pit- 
'^^ork  is  20  tons,  the  weight  of  the  water-column  raised  is  16 
^Ons,  and  the  frictional  resistances,  say,  3  tons.  First  find 
^he  velocity  of  the  pit-work  on  the  down  stroke,  and  see  if  the 
Pump-rod  needs  to  be  balanced.  The  total  force  is  20  tons, 
^tid  the  total  resistance  is  16+3  =  19  tons,  leaving  a  net 
^orce  of  1  ton  to  accelerate  the  moving  mass.  The  weight 
to  be  accelerated  is  20  +  16  =  36  tons ;  the  friction,  of  course, 
^ot  requiring  acceleration.  The  formula  which  expresses 
the  relation  between  the  force,  acceleration,  and  weight,  is 

/=^,  (188.) 

Vrhere  -Fis  the  force;  IV,  the  weight;  /,  the  acceleration  in 
feet  per  second,  and  ^,  the  acceleration  due  to  gravity,  which 
is  usually  taken  as  32.16  ft.  per  sec.  in  a  second. 

Substituting  the  values  of  7%  [F,  and^,  in  formula  188, 

-      32.16X1        oni/..  •  A 

/  = ^ =  .89 J  ft.  per  sec.  m  a  §econq. 
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That  is,  the  velocity  increases  regularly  at  the  rate  of  .89^/^" 
per  sec, 

2249«     Assuming  the  stroke  of  the  engine  to  be  10  ft 

the  time  of  one  stroke,  when  the  piston  has  the  acceleration 
given  above,  is  found  by  the  following  formula: 

/  =  /y,  (189.) 

in  which  /  is  the  time  in  seconds,  and  s  is  the  space  pass^< 

/o  X  10 
over  in  feet.     Substituting,  /  =  \^  ""  =  4.732  seconds. 

.89  J 

Ten  feet  in  4.732  seconds  is  at  the  rate  of  ,  ^., ,  X  GO  =  1*.>7  £t. 

4.732 

per  min.,  nearly,  which  is  well  within  the  required  velocity, 

and,  therefore,  no  balance  is  needed.     In  fact,  the  pump-rod 

might  advantageously  be  weighted  a  little,  and  its  speed 

thereby  increased. 

Suppose,  however,  that  instead  of  20  tons  the  pit-work  had 

weighed  24  tons,  the  other  conditions  remaining  the  same. 

The  net   force   free  to  produce  acceleration  would  then  be 

24  —  19  =  5  tons,   and  the  weight  to  be  accelerated  would 

be  24  +  10  =  40  t<M>s.      Usini^  formula  188, 

f—  -V  -—■  — r=  1.02  ft.  per  sec. 

W  40  ^ 

Substituting  this  value  of  f  in  formula  189, 

."is       .    2  X  10 
/  —  t    — T-  —  t    — -  -        =  t>.23  sec.  nearlv. 
J  4.02  *• 

Since  the  stroke  of  10  feet  is  made  in  2.23  seconds,  the 

avcra;rc  vcloc  itv  per  minute  is  -     -  -  X  (50  =  209  ft.  per  minute. 

As  this  speed  is  rather  too"  high,  it  should  be  reduced  by 
means  of  a  (^(.)untcrwei^ht.  Suppose  that  a  counterweight 
of  two  tons  be  tried.  The  weight  of  the  pit-work  is,  as 
before,  21  tons;  the  wcio^lit  which  it  puts  in  motion  is 
10  tons  (weiglu  of  water)  plus  2  (e<ninterweight)  =  18  tons. 
2-±  —  18  =  0  tons  =  force  available  to  move  the  water,  coun- 
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terweight,  and  to  overcome  the  frictional  resistances.  Since 
the  total  weights  have  been  increased  from  16  -f  20  =  36 
tons,  originally,  to  24+  18  =  42  tons,  the  frictional  resist- 
ances have  also  been  increased.  Assuming  them  to  be  Ba- 
tons now,  the  effective  force  left  to  produce  acceleration  is 
6-3.5  =  2.5  tons  =  F,     Substituting  in  formula  I889 

= TTT =  1.9143  ft.  per  sec. 

455 

Substituting  this  value  of  /  in  formula  189, 


'=/ 


^^  ^^  =3.2323  sec. 


1.9143 
Consequently,  the  speed  in  feet  per  minute  is 

..  ^»^..  X  60  =  186  ft.  per  min.,  nearly. 

This  is  a  fair  speed,  but  should  a  higher  rate  be  required, 
^  that  will  be  necessary  will  be  to  reduce  the  counterweight. 


UNDERGROUND    MINE-PUMPS. 

2250«     Uiiderfj|:rouiid  dlrect-actliifji:    mine-pumps 

'^^y  be  simple  or  compound,  and  either  may  be  of  the 

***ijle  or  duplex  type.     They  may  be  run  by  steam  or 

^^nipressed  air,  and  the  simple  pumps  (single  or  duplex) 

'^^y  also  be  run  by  water  or  electricity.     There  are  many 

^^fterent  makes  of  these  pumps,  which,  like  the  steam-engine, 

^*fter  more  or  less  in  their  details,  the  principle  governing 

^^ch  type  being  the  same  in  all.     In  the  following  pages  a 

^^scription  of  one  pump  of  each  type  will  be  given. 

225  !•  In  mine-pumps,  plungers  are  almost,  invariably 
^Sed  instead  of  pistons.  A  simple  IVortbinston  single 
Pump  was  shown  in  Fig.  758.  By  single  pump  is  meant 
a  pump  which  has  but  one  pump-cylinder  in  contradistinc- 
tion to  the  duplex,  which  has  two,  and  the  triplex,  which 
has  three,  pump-cylinders.  The  words  simple  and  com- 
pound refer  to  the  steam-cylinder.  Hence,  a  pump  may 
be  a  simple  single  or  a  simple  duplex,  a  compound 
sinscle  or  a  compound  duplex,  etc. 
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2252.  The  pump  shown  in  Fig.  753  is,  as  mentioned 
before,  a  simple  stnele  steam-pump.  When  the  water 
pumped  is  gritty  and  brings  extraordinary  wear  upon  the 
plunger  and  bushing  that  it  slides  in,  which  is  attached  to 
the  partition  F,  a  stuffing-box  is  placed  at  F. 

The  manner  of  attaching  the  stuffing-box  is  shown  in  Fig- 
780.  In  this  case  the  valve  arrangement  (not  shown)  is 
altered  somewhat.     A  pump  whose  plunger  is  packed  in  this 
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manner  is  called  an  Inside-packed  pump.  Consequently, 
the  piiinp  shown  in  Fig.  758  would  be  called  a  simple 
Inslde-pncked  Hlntfle  pump.  The  great  disadvantage 
in  the  use  of  this  pump  is  that  the  water  must  be  drained 
from  the  cyiindcr  and  the  cylinder-head  removed  in  order 
to  repair  tlie  packing.  In  order  to  remove  this  difficulty, 
the  sii-c;'lk'(l  ttutslde-paekwd  plunger-pumps  are  used. 
Fig.  ?Sl  shows  a  simple  outside-packed  sluffle  mioe- 
pump.  Two  ]iliingfis /'"and /^' are  connected  bytheyntf* 
//  and  rods  /,  on  cnh  sidi-,  so  that  both  plungers  movcat 
the  same  linn'.  Tlie  phuiger  F  is  attached  directly  to  the 
piston-rod  /'.  Suppose  llic  steam-piston  in  D  to  be  moving 
in  the  direction  iiidii-ated  by  the  arrow;  the  phinger  F  ^'^ 
tht:n  forcing  water  into  the  chamber  (7,  and  up  the  delivery- 
pipe  A.  The  (li>;char!,M'- valve  in  the  chamber  C  is  cl"^il 
aii-l  the  plunger  /",  being  forced  outwards  bv  the  vokej  // 


8  21 


HYDROMECHANICS  AND  PUMPING. 


67 


md  rods  /,  leaves  a  vacuum  behind  it,  which  is  filled  by 
Rrater  from  the  suction-pipe.  On  the  return  stroke,  the 
ibove  operations  are  reversed,  F*  doing  the  forcing  and  F 
the  suction.  It  should  be  understood  that  the  cylinders  in 
srhich  F  and  F'  work  are  separated  by  a  partition  at  TV,  in 
somewhat  the  same  manner  as  the  two  halves  of  the  cylinder 
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in  Fig.  768.  A  detailed  description  of  this  arrangeipent 
applied  to  a  pump  of  different  manufacture  will  be  described 
riirther  on. 

Two  stuffing-boxes,  K  and  K\  are  used  to  pack  the 
^lungers.  As  will  be  seen,  they  are  outside  of  the  cylinders, 
ind  the  bushing  can  be  easily  removed,  the  packing  repaired, 
ind  the  bushing  replaced  without  disturbing  the  cylinder- 
lead  itself  in  the  slightest.  The  steam- valve  is  operated  in 
:his  case  by  means  of  the  lever  M^  carried  to  and  fro  by  the 
ipright-piece  Z,  which  is  attached  to  the  piston-rod  P. 

For  most  purposes,  the  outside-packed  mine-pump  is 
mperior  to  the  inside-packed  type,  but  takes  up  more  room. 

2253.  Fig.  782  shows  a  Worttilnston  simple  out- 
ftide-packed  duplex  mine-pump.  The  plunger  A  has 
nearly  completed  its  stroke  in  the  direction  indicated  by 
the  arrow,  while  the  plunger^  has  completed  the  same  por- 
tion of  its  stroke  in  the  opposite  direction.  The  steam-valve 
in  the  chamber  D  is  operated  by  means  of  the  crank  /%  act- 
ing through  the  long  bearing  6",  and  actuating  the  crank  //, 
attached  to  the  valve-stem  by  a  link,  as  shown.     The  valve 
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in  the  chamber  E  is  actuated  in  a  similar  iqanner  by  meai^^.s 
of  the  crank  /.  These  cranks  are  so  set  that  the  plungers  .«^-! 
and  B  are  always  moving  in  opposite  directions.  Th  is 
arrangement,  in  combination  with  the  air-chamber  L,  pn  .3- 
duces  a  nearly  uniform  discharge.     Both  pump-cylinders di^^=s- 


charge  into  the  same  delivery -pipe  C.  K'\%  a  shoe,  one  bei^^g 
attached  to  both  ends  of  both  plungers,  and  moves  on  t  _l!ie 
slide/  at  the  left,  and  on  the  cross-head  slide  at  the  rigfcr^t. 
They  ]>reveiit  the  ends  i)f  the  plungers  from  falling  dow^^n- 
wards  out  of  line  when  near  the  end  of  the  stroke.  T  3ie 
shoes  are  adjustable  for  wear.  The  ends  of  the  plungcs^ra 
are  connected  by  means  of  yokes  and  rods  in  a  manner  si  kti- 
ilar  to  the  pump  last  described.  As  will  be  seen,  it  is 
outside -packed. 

The  chici  disadvantage  of  this  valve-driving  arrangement 
is  that  one  pump  ciiii  not  lie  disconnected  from  the  other 
when  tlie  work  would  require  only  one  pump  to  be  in  use. 
In  order  that  one  pump  may  run,  the  other  must  also  be 
in  motion. 

2254.  In  Fig.  ",?■%  is  shnwn  a  perspective  view  of  a 
Jeaiicsvillc  coinpnuiid  outside-packed  duplex  mine- 
pump.  This  is  a  vny  ixiiVL-rful  pump,  the  one  illustrated 
having  the  following  dimensions: 
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Diameter  of  high -pressure  cylinder 25  inches. 

Diameter  of  low-pressure  cylinder 43  inches. 

Diameter  of  pump-plungers 14  inches. 

Stroke  of  plungers  and  pistons 48  inches. 

Its  rated  capacity  is  2,000  gallons  of  water  per  minute 
;ainst  a  head  of  425  feet.  In  compound  pumps,  the  steam 
carried  full  stroke  in  both  cylinders,  the  expansion  being 


tained  through  the  difference  of  cylinder  volumes. 
nee  the  stroke  is  the  same  in  botJi  cylinders  in  the  pump 
own  in  the  figure,  the  volumes  will  be  to  each  other  as  the 
uares  of  the  diameters,  or 

lume  of  low-pressure  cylinder  :  volume  of  high-pressure 
cylinder  ::  42'  :  25'. 

1.764  _ 
0-25"  " 


=  1.764; 


=  035 ; 


;,  nearly. 


Hence,  the  volume  of  the  low-pressure  cylinder  is,  in  this 
itance,  2.82  times  that  of  the  high-pressure  cylinder,  and 
e  steam  expands  2.82  times. 

As  this  is  a  duplex  pump,  there  are  two  high-pressure  and 
o  low-pressure  cylinders.  A  is  the  throttSo-valve;  5  the 
jh-pressure  cylinder  of  one  pump;  C  the  steam-pipe 
jich  connects  one  high  with  one  low  pressure  cylinder, 
d  V  the  low-pressure  cylinder.  The  other  pump  is  exactly 
nilar.  The  throttle-valve  A  admits  steam  to  both  high- 
essure  cylinders. 


70  HYDROMECHANICS  AND  PUMPING.       § 

2255«  In  order  to  show  more  clearly  the  working" 
the  various  parts  of  this  pump,  a  sectional  view  is  shown 
Fig.  784.  Here,  A  is  the  main  throttle- valve ;  B  is 
auxiliary  throttle-valve  leading  from  the  main  valve  to  c 
of  the  high-pressure  cylinders,  a  similar  one  being  plac 
on  the  other  side  of  the  main  valve  connecting  with  t 
other  high-pressure  cylinder.  The  object  of  these  auxilia 
valves  is  to  allow  more  or  less  steam  to  be  admitted  to  c 
side  in  case  it  should  appear  to  be  doing  less  or  more  w( 
than  the  other,  the  pump  working  better  when  both  si( 
are  doing  the  same  amount  of  work.  C  is  the  piston-rod, 
which  are  connected  both  pistons  and  the  plunger  E.  1 
figure  shows  that  the  plungers  are  hollow.  The  form  of  1 
shoe  K,  which  supports  the  ends  of  the  plungers,  can 
clearly  seen.  The  shape  of  the  slide  y  on  the  back  ei 
upon  which  the  shoe  moves,  is  indicated  by  dotted  lin 
G  is  the  partition  or  diaphragm  which  separates  the  t 
plunger-cylinders.  All  so-called  double-plunder  pun 
require  this  diaphragm,  so  that  when  the  plungers  ; 
moving  towards  it,  the  water  can  find  no  way  of  esci 
except  through  the  delivery-valves.  L  is  the  sucti< 
pipe. 

2256.  Referring  now  to  both  Figs.  783  and  784,  it  i 
be  noticed  that  there  are  eight  valves  for  both  sets  of  pi' 
gers,  four  suction-valves  /%  and  four  discharge-valves 
making  10  valves  in  all.  The  usual  practice  is  to  hav 
lar^e  number  of  small  valves,  from  50  to  100,  for  a  pu 
of  this  size,  instead  of  a  small  number  of  large  valv 
The  mine  water  in  the  anthracite  coal-fields  attacks  i 
only  iron,  but  brass  and  phosphor-bronze  as  well,  mak; 
the  life  of  a  valve-seating  a  limited  one  at  best.  This  f 
makes  it  imperative  tliat  pump-valves  for  mines  be  simf 
strong,  easy  of  examination,  and  quick  of  replacement. 
is  certainly  easier  to  take  care  of  8  or  16  large  valves  th 
50  to  100  small  ones.  Then,  too,  the  parts  of  a  large  va 
are  heavier,  and  are  less  liable  to  be  twisted  or  brok( 
owing  to  rough  handling. 


I 


^  •. 


*..  : 


i^ 
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2257.  A  section  through  two  of  the  discharge-valves 
isshown  in  Fig.  784.  In  order  to  more  clearly  show  the 
lorldng  of  these  valves,  an  enlarged  view  is  given  in  Fig. 


,  "■  The  valve-seat  A  is  held  in  place  by  means  of  the 
^*ige  B  (see  also  Fig.  784).  As  shown  in  the  top  view,  the 
^Ive-seat  is  perforated  by  a  large  number  of  small  holes; 
^*^is  necessary,  since  the  valve  C  is  made  of  rubber.     The 
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cap  D  is  made  of  gun-metal;  the  spring  5  and  bolt  £  d 
phosphor-bronze. 

Another  pump  of  this  description  and  of  the  same  inake 
is  in  actual  use  near  Wilkes- Barre,  Pa.,  working  against  a 
head  of  1,060  feet.  It  is  a  22'  and  36'  X  9'  X  36' com- 
pound duplex;  that  is,  the  high-pressure  cylinder,  low- 
pressure  cylinder,  and  plungers  are  respectively  22',  3G',  and 
9'  in  diameter,  and  the  stroke  is  36'. 

2258.  Pig.  786  shows  a  Knowles  compound  con* 
denslnc   outside-packed   duplex    mine-pump.      The 

arrangement  of  the  high  and  low  pressure  cylinders  and  of 
the  plunger-cylinders  is  similar  in  all  respects  to  the  pump 
described  in  Fig.  783,  and,  hence,  will  not  be  repeated  here. 


There  are  four  discharge-valves — one  for  each  plunger- 
cylinder.  The  suctiuu-valves  are  not  seen  in  this  view.  A 
is  one  end  of  the  suction-pipe,  the  other  end  being  in  the 
sump  from  which  the  water  is  t;iken.  Tliis  pipe  lies  betwcei" 
the  two  sets  of  water-cylinders,  and  has  communication  with 
all  of  the  four  phinger-cylinders.  The  discharge-valves  B 
are  what  tlie  makers  term  "  pot-valves  "  ;  they  are  claimed 
to  be  of  great  durability,  and  work  on  independent  gun- 
metal  composition  scats.  Roth  valves  and  seats  can  be 
easily  taken  out  and  examined.  C  is  the  flange  to  which 
the  discharge-pipe  is  bolted.  After  the  steam  has  been  used 
in  the  low-pressure  cylinder,  it  is  discharged  into  a  condenser 
E  through  the  pipe  I).     After  being  condensed,  the  water 
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is  discharged  through  ai^ipe  bolted  to  the  flange  H,  F  is 
the  pipe  which  leads  the  cold  water  to  the  condensing-cham- 
bcr  E.  G  is  the  air-pump  for  removing  the  condensed 
water  and  discharging  it  either  into  the  boiler,  if  placed 
near  the  pump,  or  into  the  sump.  /  is  a  pipe  through  which 
the  exhaust  steam  from  the  air-pump  passes  to  the  condenser. 
These  pumps  are  intended  for  very  heavy  duty,  the  one 
shown  in  the  cut  being  designed  for  a  discharge  of  1,000  gal- 
lons per  minute  under  a  head  of  800  feet.  They  will  pump 
water  vertically  1,000  feet  or  over  on  single  lifts. 


SINKING-PUMPS. 

2259*     When  putting  down  a  new  shaft  or  deepening 
^nold  one,  the  so-called  sliikliis-pump  is  used  to  drain 
the  water  from  the  shaft-bottom,  so  that  the  work  may  pro- 
ceed.   These  pumps  must  necessarily  be  portable,  and  are 
Upended  by  a  chain  attached  to  eye-bolts  in  the  pump. 
They  are  also  provided  with  wrought-iron  clamps,  by  means 
^f  Which  they  may  be  attached  to  the  timbers  in  the  shaft 
•^hen  it  is  desired   to   fix  them   in   position   temporarily, 
^^nce,  as  the  shaft  gets  deeper,  the  chain  may  be  length- 
^^d  out,  an  extra  joint  placed  on  the  upper  end  of  the 
^livery-pipe,  and  it  is  again  ready  for  business.     The  sink- 
^S^pump  is  subjected  to  the  hardest  usage  of  any  other 
^^ne  machine.     The  water  pumped  is  invariably  gritty  and 
^^en  acid.     The  water  trickling  down  on  the  pump  from 
^ve  carries  mud  along  with  it,  and  so  completely  covers 
^^  pump  that  it  is  hardly  distinguishable  at  times  from  the 
^il  itself.     Notwithstanding  all  this,  a  sinking-pump  must 
^ork  night  and  day,  often  up  to  the  limit  of  its  capacity,  and 
^^s  failure,  even  for  a  day,  at  a  critical  period,  may  flood  a 
^haft,  which  would  require  a  week  or  more  to  recover. 

2260.  In  Fig.  787  is  illustrated  two  views  of  a  Cam- 
eron sinkiiiK-puiiip.  This  pump  meets  all  of  the  con- 
ditions required  of  a  sinking-pump,  and  is  a  favorite  with 
nine  operators.  There  is  no  outside  valve  mechanism 
whatever,  and  nothing  short  of  actual  breakage  of  the  pump 
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itself,  or  of  the  steam,  suction,  ts,  delivery  pipe,  can  pre. 
vent  the  pump  from  working.  The  manner  of  suspending 
it  from  a  chain  is  shown  in  the  cut,  also  the  method  of  at- 


tarhing  it  to  the  shaft-timbers.  In  order  to  more  clearly 
shi>w  the  working  of  the  valves  and  plunger,  a  partial  section 
of  llii:  pump  is  given  in  the  figure.  The  pump  has  onf 
piim^i;!-,  and   is   double-acting.      Instead   of    employing  a 
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phragm  to  separate  the  two  plunger-cylinders,  as  in  the 
Qp  illustrated  in  Fig.  784,  two  stuffing-boxes  acre  placed 
he  center  to  accomplish  the  same  purpose.  This  device 
requently  used  in  ordinary  horizontal  mine-pumps,  and 
m  so  used  the  pumps  are  called  center-packed,  to  dis- 
^uish  them  from  the  Inside-packed  and  outslde- 
:ked  pumps.  The  center-packed  pump  is  considered 
erior  to  the  inside-packed  pump  for  mining  purposes,  but 

to  be  so  convenient  as  the  outside-packed  pump.     The 
ter-packed  sinking-pump,  however,  is  considered  superior 
the  other  two.     The  action  of  this  pump  is  as  follows : 
7  is  the  suction-pipe  and  H  the  delivery-pipe.     Suppose 

plunger  to  be  moving  in  the  direction  indicated  by 
:  arrow.  The  water  is  forced  out  of  the  chamber  Z, 
ich  communicates  with  the  delivery-pipe  H  by  means 
the  valve  C,  and  lifts  C,  thus  flowing  into  H,  As 
5  plunger  moves  down  it  leaves  a  vacuum  behind  it ;  the 
ter  in  the  shaft  rushes  up  the  suction-pipe,  raises  the 
ive  Z),  and  fills  the  upper  part  of  the  plunger-cylinder, 
len  the  stroke  is  reversed,  the  valves  C  and  D  close,  and 
5  valves  £  and  B  open,  the  water  being  forced  up  the 
•e  H^  through  the  valve  £,  and  the  chamber  L  is  filled 
ough  the  opening  of  the  valve  B.  F  is,  of  course,  the 
•chamber.  The  section  shown  by  the  view  on  the  right 
aken  in  a  rather  peculiar  manner,  the  greater  part  being 
en  through  the  center  line  of  the  engine,  so  as  to  show 

plunger,  stuffing-boxes,  etc.,  and  the  part  showing  the 
ves  being  taken  on  the  center  line  of  the  valves  E  and  D 
the  view  on  the  left. 

t  is  quite  customary  to  use  a  sinking-pump  to  raise  the 
er  from  the  sump  to  the  first  station,  since  the  sinking- 
ip  may  be  raised  or  lowered  according  to  the  depth  of 

water  in  the  sump.  A  single  steam-pipe  down  the 
^t  supplies  both  the  sinking-pump  and  the  main  pump, 
en  used  for  this  purpose,  the  sinking-pump  exhausts  into 
sump. 

•n  account  of  its  portability,  the  sinking-pump  is  espe- 
ly  adapted  to  the  recovery  of  flooded  mines.. 
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LOCATION  OF  PUMPS. 
2261.  Fig.  788  shows  a  partial  section  of  a  mine.  It 
is  intended  to  illustrate  the  different  positions  of  the  pump, 
I)ipes,  sump,  etc.  A  is  the  sump,  or  a  reservoir  filled  by 
means  of  a  siiiking-pump  raising  the  water  to  A  from  i 
sump  below,  and  A'  is  a  compound  condensing  duplex  pump. 
C  is  the  condenser  and  air-pump.  I?  is  the  steam-pipe 
which  is  carried  down  the  shaft  to  the  pump.  D'  is  a  smaller 
steam-pipe,  leading  from  the  main  pipe  D  to  the  air-pump 
which  it  drives.     £  is  the  pipe  which  connects  the  condenser 


with  the  sump;  it  supplies  the  cold  water  needed  for  con- 
dt^nsing  the  steam.  This  water  is  conveyed  to  the  loii- 
dcnsi^r '111  the  same  ]>rin(:ipl(:  th;it  the  water  flows  thrnugli 
the  suclinn-pipiMif  a  pnnii*.  The  steam  is  condensed,  and 
leaves  a  partial  vacuum  in  Ihc  condensing-chamber;  the 
alinospheric  ]>ressure  fcirres  the  water  in  the  siunp  up 
ihf  pipe  Ji.  Afler  the  steam  delivered  by  one  stroke  of  the 
]jump  has  liceu  <-ondcnsed,  the  eondensed  steam,  together 
with  the  waliM-  used  t»  condense  it,  is  pumped  back  into  the 
sump  llinnigh  the  ]ii]>e  /■".  It  is  evident  that  the  culder 
the  itijeetioti  writer,  the  better  will  the  condenser  perform 
its  duly.  Consequently,  in  order  to  enable  the  pipeftn 
obtaiii  as  cold  water  as  possible,  the  pipe  F  discharges  very 
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se  to  the  pump  suction-pipe  G.  N  \&  a  steam-trap  for 
i  purpose  of  removing  entrained  water  and  water  of  con- 
isation  from  the  steam  before  entering  the  pump,  /is' 
delivery-pipe  which  connects  directly  with  the  column- 
e  O  (main  delivery -pipe)  in  the  shaft  L.     N  is  a  float 


ch  rises  and  lowers  as  the  level  of  the  water  in  A  rises 
.  lowers.  This  action  operates  a  balanced  throttle-valve 
n  the  steam  supply-pipe.  Should  the  water  in  the  sump 
ome  too  low,  the  float  falls  so  far  that  the  engine  stops 
omatically.     The  movement  of  the  float  up  or  down  also 
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governs  the  speed  of  the  engine.  K  is  an  extra  pump  to 
be  used  in  case  it  should  be  desirable  or  necessary  to  shut 
the  other  down.  Its  delivery-pipe  J  discharges  into  the 
same  column-pipe  O  as  shown.  It  is  an  excellent  plan  to 
have  duplicate  sets  of  pumps.  There  is  then  no  need  of 
stopping  work  should  one  of  the  pumps  be  disabled. 

It  will  be  noticed  that  the  column-pipe  is  supported  by  a 
cast-iron  stand,  which  rests  upon  the  timbers  M,  This 
arrangement  is  shown  more  clearly  in  Fig.  789. 

2262.  Fig.  789  shows  a  pumping  plant  similar  to  the 
one  described  previously,  except  that  only  one  pump  is  used, 
and  a  sinking-pump  is  employed  to  raise  the  water  from  the 
bottom  of  the  shaft  to  the  tank  A,  This  arrangement  is 
used  when  it  is  desired  to  sink  a  shaft  below  the  level  on 
which  the  pump  stands,  and  the  lift  is  too  great  for  th< 
sinking-pump  to  raise  the  water  to  the  surface.  As  will  b< 
noticed,  both  pumps  receive  their  steam  from  the  same  pip< 
B^  which  runs  straight  up  the  shaft  to  the  surface.  Thii 
pipe  is  covered  with  some  material  that  is  a  non-conductoi 
of  heat,  to  reduce  the  loss  of  steam  through  condensation 
and  to  prevent  the  men  from  getting  burned  by  accidentall] 
touching  it  when  working  in  the  shaft.  The  exhaust  steam 
pipe  C  of  the  sinking-pump  discharges  into  the  sump.  E^ 
the  sinkini^^-pump  discharge-pipe.  B  is  the  steam-pipe  ;  i 
supplies  both  the  sinking-pump  and  the  main  pump  b] 
means  of  a  T  joint  N  and  the  pipe  D.  The  manner  of  sup 
porting  the  column -pipe  is  very  clearly  shown  at  M. 


THE    PULSOMETER. 

2263*  One  of  the  most  ingenious  of  the  various  ma- 
chines operated  by  steam  is  the  pulsometer.  Fig.  790 
shows  a  perspective  view  and  Fig.  701  a  sectional  view  of  a 
pulsometer  of  the  latest  manufacture.  In  the  sectional 
view  the  full  lines  represent  the  left-hand  half,  and  the 
dotted  lines  indicate  the  ])ositi()n  of  the  discharge-valves  in 
the  right-hand  half  of  the  pulsometer  shown  in  Fig.  700. 
In  the  following  description,  the  letters  refer  to  both  figures: 
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The  steam-pipe  is  connected  at  E  and  the  suction-pipe  at  S, 
Cisan  air-chamber,  which  has  no  connection  with  B  and^, 
but  communicates  with  the  suction-pipe  by  means  of  the 
opening  7,  situated  below  the  suction-valves  F  and  G,  The 
two  latter  valves  are  made  of  flat  rubber,  and  are  held  to 
their  seats,  as  shown  in  the  cut,  by  means  of  the  spindles  R 
and  T.  The  spindles  are  raised  and  lowered,  as  the  case 
may  require,  by  means  of  the  nuts  f  and  c,  //,  H  are  plates 
which  may  be  removed  to  facilitate  the  examination  of  the 
valves.  /^  is  a  hard-rubber  ball,  which  acts  as  a  valve  for 
admitting  the  steam  to  the  chambers  A  and  B,  M  and  N 
are  exhaust-valves,  also  made  of  rubber,  and  situated  in  the 
chamber  Z,  attached  to  the  other  half  of  the  cylinder. 
They  are  raised  and  lowered  in  the  same  manner  as  the 
suction- valves,  by  turning  the-nuts  g  and  h,  K  is  the  deliv- 
ery or  column  pipe. 

2264.     The  action  of  the  pulsometer  is  as  follows:  Both 
chambers,  A   and  B^  are   filled  with    water   to  about   the 
height  of  the  water  in  B,  Fig.  791.     The  valve  d  is  then 
opened,  and  the  steam  enters  one  of  the  two  chambers  A 
*Dd  B.     Suppose  it  enters  B^  the  valve  D  being  at  the  right, 
^  shown.      The  water  in   B  will   be   forced   through   the 
<lelivery-valve   N  into   and  up  the  column-pipe  K.     This 
^Ul  continue  until  the  water-level  gets  below  the  edge  of 
the  discharge-opening   P,       At  this  point  the   steam   and 
^ater  mix  in  the  discharge-passage,  and  the  steam  is  con- 
densed, creating  a  vacuum  in  B.     The  pressure  in  A  is  now 
greater  than  in  B^  owing  to  the  vacuum  in  B^  and  the  ball- 
Valve  D  is  shifted  to  the  left,  the  steam  entering  the  cham- 
fer y|,  and  driving  the  water  through  M  into  the  passage  O 
^nd  column-pipe  K  in  the  manner  just  described.     While  this 
^S  being  done,  the  pressure  of  the  atmosphere  forces  the 
Vater  up  the  suction-pipe  5,  opening  the  suction- valve  F\ 
^nd  into  the  chamber  B^  filling  it.     When  the  suction- valve 
is  closed,  owing  to  the  reshifting  of  the  ball-valve  D  vo  the 
other    side,   the   suction-water    enters   the   air-chamber   C 
through  the  inlet  /,  and  is  brought  gradually  to  rest  by  the 
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compression  of  the  air  in  C,  thus  preventing  a  shock,  oving 
to  the  sudden  stoppage  of  the  inflowing  water.  When  the 
water  in  A  has  reached  the  level  shown,  the  steam  laAii 


condensed,  the  ball  I) 
the  drivinjf-cliamber. 

2265.  Ill  Fik'-  i!' 
d,  and  ,-.  The  viilvu  , 
replenish  that  which  i 


ight,  and  B  becomes 


are  shiiwn  three  small  air-valves rf, 
:idniils  air  U-  the  air-chambtr  f,  w 
lost  through   leakage  and  throuijh 
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absorption  by  the  water.  The  valves  a  and  b  admit  a  small 
quantity  of  air  to  the  chambers  A  aad  B,  respectively,  just 
before  the  suction  begins.  This  injures  the  suction  some- 
irhat,  but  is  necessary  for  two  reasons  :     First,  it  acts  as  a 


regulator,  governing  the  amount  of  water  admitted  to  the 
chambers.  Second,  it  prevents  the  steam  from  condensing 
before  the  water  gets  below  the  edge  of  the  discharge-outlet. 
These  valves  open  inwards,  as  before  stated.  Suppose  there 
is  a  vacuum  in  A,  owing  to  the  condensation  of  the  steam. 
The  atmospheric  pressure  forces  open  the  valve  a  and  admits 
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a  little  air  to  the  cylinder.     The  incoming  water  compresses 
this  air,  and  soon  closes  the  valve.     When  the  air  has  been 
compressed  to  such  an  extent  as  to  balance  the  outside  pres- 
sure of  the  atmosphere,  the  suction-valve  G  will  close,  and 
no  more  water  can  get  in.     Since  the  same  thing  occurs  in 
the  other  chamber,  it  is  evident  that  the  amount  of  air  ad- 
mitted controls  the  amount  of  water  admitted  during  the 
suction  period,  more  water  entering  when  there  is  less  air  in 
the  chamber,  and  vicf  versa.     The  admission  of  the  air  is 
controlled  by  turning  the  valves  a  and  ^,  and  these  can  be 
so  adjusted  that   the  suction-valve  in  either  chamber  will 
close  at  the  instant  the  ball  is  shifted  to  the  other  side,  ad- 
mitting the  steam. 

Moreover,  the  air  prevents  the  steam  from  coming  in 
contact  with  the  water  during  the  forcing  process,  until  the 
water-level  has  sunk  below  the  edge  of  the  discharge-orifice 
Air  being  a  poor  conductor  of  heat,  the  steam  does  not  con- 
dense until  the  mixture  of  the  steam  and  water  has  taken 
place. 

2266.  The  pulsometer  will  raise  water  by  suction  to  a 
height  of  about  20  feet,  although  it  is  not  advisable  to  ex- 
ceed 20  feet,  and  force  it,  when  necessary,  to  a  height  of 
100  feet.  It  has  no  wearing  parts  whatever  except  the 
valves,  which  are  easily  and  cheaply  repaired.  It  will  work 
in  almost  any  position,  and,  when  once  started,  requires  no 
further  attention.  There  are  no  parts  which  can  get  out 
of  order.  It  will  pump  anything,  including  mud,  gravel, 
etc.,  that  can  jj^ct  past  the  valves.  Its  first  cost  is  low,  and 
it  recpiires  no  foundations  to  set  up.  There  is  no  exhaust- 
steam  to  make  trouble,  and  no  noise.  It  uses  more  Steam 
than  a  pump,  its  duty  being  from  7,000,000  to  10,000,000 
foot-j)ounds  per  loO  pounds  of  coal.  One  of  the  leading 
pump  manufacturers  of  this  country  states  that  the^rrr^^^ 
duty  of  sini!:le  steams  is  from  15,000,000  to  20,000,000;  of 
compound  pumi)s  about  ;Jo,000,000,  and  of  compound  con- 
densino^-pumps  about  50,000,000  foot-pounds  per  100  pounds 
of  coal  burned. 
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ELECTRIC  PUMPS. 

2267.  All  of  the  pumps  heretofore  described  for  under- 
ground mine  work  have  been  steam-pumps.  The  simple 
pump,  both  single  and  duplex,  can  be  run  by  means  of  com- 
pressed air.  As  mentioned  before,  there  are  several  ways 
by  which  the  pumps  may  be  driven  other  than  by  the 
use  of  steam.  Of  late,  the  electric  pump  is  being  used  to 
some  extent,  and  will,  perhaps,  in  time,  displace  steam- 
pumps  for  underground  mine  use. 

2268.  A  cut  of  an  electric  pump  is  shown  in  Fig.  792. 
It  is  what  is  termed  a  triplex  pump ;  that  is,  there  are 
three  cylinders  side  by  side,  all  three  being  operated  at  the 
same  time  from  the  same  shaft  A.     B  is  the  motor,  the  elec- 
tric current  being  conveyed  to  it  by  two  wires  from  a  dynamo 
at  the  surface.     As  the  motor  revolves,  it  turns  with  it  the 
shaft  to  which  is  keyed  the  pinion   C,     C  gearing  with  D 
causes  D  to  turn  the  pinion  E^  keyed  to  the  same  shaft  as 
D,     E  gearing  with  i^  revolves  the  crank-shaft  A^  and  with 
it  the  cranks  C,  H^  and  /,  which   impart   a   reciprocating 
motion  to  their  plungers  Z,  K^  and  J.     These  cranks  are 
set  at  angles  of  120°   with   each   other,  and   the   plunger- 
cylinders  all  discharge  into  the  same  delivery-pipe  J/,  the 
consequence  being  that  a  nearly  uniform  discharge  is  se-, 
cured,  much  better  than  that  attained  in  the  duplex  con- 
struction,  which  is  itself  superior,  in  this  respect,  to  the 
single   pump.     N^  is   the   suction-pipe.     These   pumps  are 
made  to  raise  water  in  single  lifts  from  400  to  800  feet,  and 
to  deliver  at  the  point  of  discharge  from  50  to  450  gallons 
per  minute,  according  to  size.     In  combination  with  these 
pumps,  a  small  pump,  called  the  tail-pump,  is  generally 
used  to  deliver  the  suction  water  to  the  main  pump  under  a 
slight  pressure,  thus   insuring  the  plunger-cylinder  being 
full  before  the  commencement  of  the  return  stroke. 

The  pump  illustrated  is  termed  a  horizontal  triplex 
electric  pump.  In  many  cases  they  are  made  vertical; 
that  is,  the  plungers  move  vertically  instead  of  horizontally. 
They    are  also  made  both  triplex  and  duplex;    the  latter 
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type  being  applicable,  with  some  modifications,  to  the  ordi- 
nary duplex  steam-pump,  the  steam-cylinders  being  replaced 
by  the  motor. 

It  is  necessary,  in  order  that  the  motor  be  effective,  that 
it  revolve  at  a  high  speed,  while  the  crank-shaft  must  turn 


■^1111   that    the  motion  of  the 

■il    :■■  ihi'  i-rank  by  means  of  gearing. 

-  /'  i-.  ah-nii  :i  I'mn-ti  as  large  as  the  [lin- 
■.:'.  liiiK-;  :i^  l:u-:.:i-as  /;■;  hL-ncclhc  muti'f 
iij    times  wliilc   the  gear   F,   and,   consc- 
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quently,  also  the  crank-shaft  A,  is  revolving  once.  There- 
fore, if  the  crank-Lihaft  A  makes  50  revolutions  per  miniilc, 
the  motor  will  make  50  x  lOJ  =  .525  revolutions  per  minute. 

2269.      Fig,  703    shows   a    duplex  electric  Blnklnc- 
pump.     7i   and  F  are  the  two  plunger-rods,  the  plnngers 

themselves  being  cen- 
tral-packed, as  shown 
at//;  /)  is  the  clamp- 
ing-piece for  attach- 
ing the  pump  to  the 
shaft-timbers,  and  (J 
the  eye-bolt  for  sus- 
pending it  from  a 
chain.  A  is  the  dis- 
charge-pipe;  B,  the 
auction-pipe,  and  C, 
'he  air-chamber.  The 
only  visible  moving  ^'' lYf 
P^rts  are  short  por- 
tions of  the  plungers 
*nd  rods  at  //  and 
^-  No  damage  what- 
ever can  come  to  this  pump  from  the  water.  It  w 
just  as  well  under  water  as  out  of  it.  The  imly  objection  on 
thisscorethat  canbe  urged  against  it  is,  that  the  wires  which 
conduct  the  electricity  to  it  may  be  broken  hy  the  fnlJing 
debris.  If  proper  care  be  exercised,  this  should  not  hapjien. 
They  will  raise  water  vertically  2(10  feet,  and  discharge  from 
100  to  300  gallons  per  minute,  according  to  size. 

2270>     A  cut  of  a  '^ater-po^rer  electric  pumpiiiK- 

plant  is  given  in  Fig.  70-1.  A  is  a  sinkinf;-i)ump,  which 
raises  the  water  from  the  lowest  level  to  the  first  station,  dis- 
charging through  the  pipe  C  into  the  tank /■'.  From  this  sta- 
tion, the  water  is  raised  to  the  next  higher  one  by  means  of, 
in  this  case,  a  vertical  triplex  pump,  and  so  on  by  one 
or  more  lifts  to  the  surface.  The  wires  which  conduct  the 
electricity  down  the  shaft  are  enclosed  in  a  small  iron  pipe 


work 
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to  prevent  injury.  F  is  the  dynamo.  C  is  a  Pelton 
ater-ivlieel,  the  water  being  conducted  to  it  through  the 
x;  /,  and  the  power  generated  transmitted  to  the  dynamo 

means  of  the  belt  H,  It  will,  of  course,  be  understood 
at  a  water-wheel  can  be  used  as  a  motive  power  only  when 
latural  head  is  available.  It  would  not  be  advisable  to  put 
a  plant  of  this  kind  for  a  head  of  less  than,  say,  40  or  50 
et.  In  case  a  water-wheel  can  not  be  used,  a  steam-engine 
n  be  employed  to  drive  the  dynamo. 

Instead  of  vertical  triplex  pumps,  horizontal  triplex  or 
iplex  pumps  may  be  used ;  they  take  up  more  room  than 
le  vertical  type,  and  hence  are  not  so  convenient  where 
Mice  is  required. 


HYDRAULIC    PUMPING-ENGIXES. 

2271.  It  frequently  happens  in  connection  with  mines 
lat  water  accumulates  at  a  point  below  the  level  of  the 

ater  in  the  sump,  and  at  a  considerable  distance  from  it, 
*hich  it  is  necessary  to  pump  to  the  surface.  The  distance 
"om  the  main  pump  may  be  half  a  mile  or  more,  and  the 
spense  of  putting  in  a  small  pump,  and  conducting  steam 
nd  exhaust  pipes  to  it,  is  out  of  all  proportion  to  what  it 
ould  be  under  more  advantageous  conditions.  In  such 
)ses  as  this,  liydraulic  ens^ines  are  used.  The  principle 
tder  which  they  operate  is,  that  a  small  quantity  of  water 
^\m^  from  a  great  height  will  raise  a  larger  quantity  to  a 
nailer  height. 

2tVl1i.  Before  explaining  the  theory  of  the  engine,  the 
igine  itself  will  be  described,  so  as  to  make  the  theory 
sier  to  understand.  Fig.  705  shows  a  hydraulic  engine, 
e  motor-cylinder  A  being  shown  in  section.  There  are 
o  valves,  B  and  C^  which  are  made  of  lignum-vitae.  /'is 
e  piston  that  drives  the  pump  R,  which  may  be  of  ordinary 
nstruction.  F  is  an  air-chamber  on  the  discharge-pipe. 
is  a  flange  for  bolting  the  suction-pipe  to  the  pumj).  H 
another  flange  for  attaching  the  discharge-pipe.  T,  T^are 
ors,  which  may  be  removed  to  allow  examination  of  the 
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suction- valves.  Suppose  the  piston,  valves,  etc.,  to  be  in 
:he  position  shown.  The  water  which  drives  the  engine 
ills  the  chest  D^  and  has  the  full  pressure  due  to  its  head ; 
t  passes  through  the  port  a  into  the  space  /;  there  is  also  a 
:ommunication  with  the  main  valve-chamber  y  from  which 
he  water  passes  through  the  port  b  into  the  cylinder,  and 
Irives  the  piston  in  the  direction  of  the  arrow.  Attached  to 
he  piston-rod  is  an  arm  L,  When  the  piston  nears  the  end  of 
ts  stroke  to  the  right,  the  arm  L  strikes  the  lug  J/,  and  causes 
he  rod  N  to  actuate  the  lever  (9,  one  end  of  the  lever  being 
ittached  to  the  rod  N^  and  the  other  end  to  the  valve-stem 
),  by  the  link  Q,  The  valve  B^  pressed  equally  by  the  water 
>n  both  ends,  is  caused  to  be  moved  to  the  left,  opening  the 
)ort  e.  The  water  in  the  chest  D  then  enters  the  space  A", 
md  causes  the  valve  C  to  be  moved  to  the  left,  forcing  the 
?ater  confined  in  the  space  /  through  the  port  a  and  the 
mder  side  of  the  valve  B  into  the  pipe  which  conducts  away 
rom  the  pump  the  water  discharged  through  the  exhaust- 
X)rt  d.  To  better  understand  this  last  statement,  suppose 
he  piston  to  be  at  the  end  of  its  stroke  to  the  left,  and  that 
he  arm  Z,  striking  the  lug  J/,  has  shifted  the  valve  B  to 
he  right,  as  shown  in  the  cut.  The  valve  C  will  also  move 
;o  the  right,  for  the  reasons  before  given,  and  the  water  in 
he  space  K  will  be  forced  through  the  port  e  and  under  the 
ralve  into  the  water  exhaust-pipe. 

2273.  In  the  case  of  hydraulic-engine  pumps,  the 
notor-piston  P  is  always  smaller  than  the  pump-piston,  but 
he  length  of  stroke  of  both  pistons  is  the  same.  If  there 
irere  no  friction  or  other  resistance  than  that  due  to  the 
«reight  of  the  water,  the  areas  of  the  two  pistons  would  be 
nversely  proportional  to  the  heads  acting  upon  the  pistons; 
hat  is,  if  a  be  the  area  of  the  motor-piston  {P  in  Fig.  795), 
\  the  area  of  the  pump-piston,  h  the  head  which  acts  upon 
he  pump-piston,  and  //,  the  head  against  which  the  pump 
rorks  (height  of  lift),  the  following  proportion  expresses  the 
elation  between  them : 

a  \  A  :\  //,  :  h. 
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The  amount  which  the  pump  will  be  required  to  discharge 
is  usually  known ;  also  the  heads  //  and  h^.  The  discharge 
being  known,  the  length  of  the  stroke  and  area  of  pump- 
piston  can  be  so  taken  that  the  volume  displaced  by  the  pis- 
ton in  one  stroke,  multiplied  by  the  number  of  required 
strokes  per  minute,  shall  be  equal  to  the  required  discharge. 
When  this  has  been  done,  the  values  of  A^  7/^,  and  h  will  be 
known,  and  a  can  be  found  from  the  proportion  just  g^ven. 

Example. — Suppose  that  the  head  of  water  which  acts  upon  the 
motor-piston  is  640  feet,  and  the  pump  is  required  to  dischar^ 
80  gallons  of  water  per  minute  under  a  head  of  120  feet,  what  are  the 
diameters  of  the  motor  and  pump  pistons,  the  length  of  their  strokes, 
and  the  number  of  strokes  per  minute  ? 

Solution. — Since  one  cubic  foot  of  w^ater  contains  7.48  gallons,  the 

80 
number  of  cubic  feet  in  80  gallons  would  be  if-r^  =  10.695  cu.  ft.     For  a 

pump  of  this  kind,  it  would  be  well  not  to  have  the  piston  speed  exceed 
80  feet  per  minute.  Assume  the  number  of  strokes  per  minute  to  be 
60,  then  the  amount  of  water  displaced  in  one  stroke  is  10.6ft5-i-60  = 
.17825  cu.  ft.  =  .17825  X  1.728  =  308  cu.  in.  If  the  stroke  be  taken  as 
10  in.  long,  the  area  of  the  pump-piston  will  be  308  -t- 10  =  30.8  sq.  in., 

and  the  diameter  will  be  \,/  -=~ri  —  6^  in.,  nearly.     Ans. 

'    .7854 

The  piston  speed  will  evidently  be  — -r^ —  =  50  feet  per  minute.    As 

this  is  well  within  the  limit  advised  (80  feet  per  minute),  it  may  be 
used,  and,  in  case  the  pump  should  be  required  to  deliver  more  than 
80  gallons  per  minute  at  ary  time,  the  speed  can  be  increased  to  meet 
the  demand.  To  find  the  diameter  of  the  motor-piston,  first  find  the 
area  by  the  j^roportion  given  above.  In  this  case,  // =  640,  >5i=120, 
and  A  —  30.8;  hence, 

a  :  30.8  ::  120  :  G40,  or   ii  =  ^^5l?^?2.  =  5.775  sq.  in. 

o4U 


^-j^^j^=  2J  in.,  nearly.     Ans. 

The  values  just  calculated  are  theoretical  values;  the  fric- 
tion of  the  water  in  the  pipes  and  the  leakage  past  the  piston 
will  nic)difv  the  results  to  a  considerable  extent;  conse- 
quently,  when  calcuKitin^  the  sizes  of  a  hydraulic  pumping- 
eniii^ine,  employ  the  method  giv^en  in  the  latter  part  of  this 
section,  using  formulas  190  to  196* 
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In  this  arrangement,  the  water  used  in  the  motor-cylinder 
has  to  be  raised  again  to  the  point  where  the  pump  dis- 
charges, and  from  there  to  the  surface. 

2274.  Fig.  796  shows  a  hydraulic  engine  operated  in  a 
different  manner,  which  is  said  to  give  excellent  results,  and 
may  be  worked  as  easily  under  water  as  out  of  it,  should  the 
mine  be  flooded.  The  motor-cylinder  does  not  discharge 
the  water  remaining  in  the  cylinder  after  the  stroke  is  com- 
pleted, into  the  sump,  as  described  in  the  last  figure,  but 
uses  the  water  over  again,  as  the  following  description  will 
show:  A  is  SL  steam-engine,  whose  piston-rod  T  passes 
through  the  steam-cylinder  Q,  and  also  through  two  single- 
acting  pump-cylinders  /  and  R.  The  hydraulic  engine  is 
located  at  the  bottom  of  the  mine ;  it  consists  of  two  single- 
acting  motor-cylinders  /^  and  G,  and  two  single-acting 
pump-cylinders  H  and  S.  A  small  pipe  D  connects  the 
pump-cylinder  /  with  the  motor-cylinder  (7,  and  another 
pipe  £,  of  exactly  the  same  size,  connects  the  pump-cylinder 
^  with  the  motor-cylinder  F.  B  is  a.  tank  which  contains 
sufficient  water  to  charge  the  pipes  D  and  £.  J  is  the  suc- 
Won-pipe  which  conducts  the  water  to  the  pump,  and  K  is 
tte  column-pipe  which  delivers  it  to  the  surface. 

2275.  The  action  of  the  apparatus  is  as  follows :  Sup- 
pose that  the  pipes  D  and  E  are  empty.     The  cock   U  is 
Opened,  and  the  water  flows  from  the  tank  B  until  the  pipes 
J)  and  E  are  filled.     The  cock   U  is  then  closed,  and  the 
engine  started.     Let  the  engine  be  moving  in  the  direction 
indicated  by  the  arrow  on  the  fly-wheel;  the  pistons  in  the 
cylinders  Q^  /,  and  R  will  then  be  moved  towards  the  left 
The  piston  in  the  cylinder  /  will  force  the  water  in  /  through 
the  pipe  D  into  the  cylinder  G.     The  piston  in  G  is  con- 
nected with  the  pistons  in  5,  //,  and  E  hy  means  of  the 
long  piston-rod    W,      The  pressure  of  the  entering  water 
against  the  piston  in  G  forces  it  and  the  other  three  pistons 
in  S,  //,  and  F  to  the  left.     This  action  forces  the  water 
in  the  cylinder  H  through  the  discharge-valve  P  into  the 
column -pipe  K^  causing  it  to  discharge  at  Y,     The  vacuum 
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cheaper  than  in  the  case  of  direct-acting  steam-pumps,  and 
is  said  to  give  a  higher  efficiency  than  either  compressed  air 
or  the  electric  wire. 

Although  the  pumps  may  be  used  for  lifts  as  high  as  1,200 
feet  or  more,  the  best  results  are  obtained  when  the  lift  is 
about  600  feet.  The  pressure  in  the  pipe  2?  and  E  is  usually 
about  1,000  pounds  per  square  inch. 

2/t7Gm     Relative  Merits  of  Underflrround  Pumps.— 

The   steam-pump  is   the   most   used    of    all   the   different 
classes  of  pumps,  but,  nevertheless,  there  are  serious  objec- 
tions to  its  use.     In  the  first  place,  there  is  apt  to  be  con- 
siderable  loss  due   to   the  transmission  of  steam  through 
long  distances,  as  from  the  boilers  at  the  surface  to  the 
pumps,  perhaps  half  of  a  mile  or  more.     This  is  remedied 
to  a  great  extent  by  covering  the  pipe  with  some  non-heat- 
conducting   material.     This  increases  the   first  cost  quite 
materially,  and  renders  it  difficult  to  locate  any  leak  that 
may  occur  without  removing  a  considerable  portion  of  the 
covering.     If  the  boilers  are  placed  underground,  near  the 
pumps,  the  subsequent  heat  and  gaseous  products  of  com- 
bustion are  a  serious  obstacle.     But  the  greatest  objection 
is   what  to  do  with  the  exhaust-steam.     There   are  three 
ways  of  disposing  of  it:  convey  it  to  the  surface  through  a 
pipe  laid  for  that  purpose;  lead  it  into  the  sump,  or  dis- 
charge it  into  the  upcast  shaft. 

2277.  When  the  pumps  exhaust  into  the  sump,  it  is 
often  found  that  the  whole  body  of  water  is  heated  to  a 
comparatively  high  temperature,  raising  the  temperature  of 
the  mine  and  increasing  the  humidity  of  the  air  to  such  an 
extent  that  the  mine-timber  decays  with  ruinous  rapidity, 
and,  at  some  collieries,  the  roof  and  coal  on  the  airways, 
gani^ways,  and  travelingways  are  softened,  and  become  both 
troublesome  and  dangerous.  A  partial  remedy  for  this 
would  be  to  condense  th(»st(^m,  as  shown  in  Fig.  788,  before 
discharj^inj^  into  llie  sunij).  Were  this  done,  and  the  di?* 
charge-i)ipe    located  very   near   the  pump  suction-pipe,  as 
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mentioned  in  connection  with  the  figure,  it  is  probable  that 
:he  above-mentioned  objections  would  disappear. 

When  the  exhaust  is  conveyed  to  the  surface  through  a 
pipe  of  considerable  length,  trouble  is  caused  by  the  con- 
densation of  steam  in  the  pipe,  and  also  by  the  radiated 
heat.  This  condensation  decreases  the  efficiency  of  the 
pump  by  increasing  the  back-pressure.  The  practice  of 
conveying  the  exhaust  into  the  upcast  is  often  ruinous  to 
the  walls,  roof,  and  timbering  of  the  upcast  passage. 

In  addition  to  the  above,  steam-pumps  are  useless  when 
drowned  out,  either  through  breakage  or  sudden  flooding. 
This  risk  can  be  remedied  by  having  a  surplus  pumping 
capacity  and  reserve  pumps  in  readiness. 

All  of  the  above  objections  can  be  eliminated  by  the  use 
of  compressed  air  in  place  of  steam.  Its  efficiency  is  con- 
siderably less  than  that  of  steam,  particularly  when  com- 
pound pumps  are  used. 

2278*  The  use  of  electricity  in  connection  with  mine- 
pumps  is  so  recent  that  it  would  be  inadvisable  to  recom- 
mend it  to  replace  any  steam  or  compressed-air  plant  now 
in  operation.  In  the  near  future,  it  is  probable  that  it  will 
supersede  all  other  means  of  raising  mine-water  to  the  sur- 
face wherever  new  workings  are  being  opened.  The  capa- 
bility of  the  dynamo  to  be  driven  by  both  water-wheel  and 
steam-engine,  and  the  ease  and  efficiency  with  which  the 
electric  power  can  be  transmitted  to  any  point,  as  well  as 
its  comparatively  low  first  cost,  render  this  conclusion  inev- 
itable. Electric  pumps  will  run  equally  as  well  under  water 
as  out  of  it — a  great  advantage  in  the  case  of  a  drowned- 
out  mine. 

SIPHONS, 

2279.  In  many  cases,  water  collects  at  some  point  in  a 
mine  higher  than  the  level  of  the  water  in  the  sump  or 
other  place  where  it  is  desired  to  convey  it.  If  there  is  an 
incline  all  the  way,  it  may  be  conducted  by  means  of  a  drain- 
pipe by  gravity;  but  it  frequently  happens  that,  in  order  to 
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reach  the  sump,  the  water  must  be  conveyed  over  a  point 
higher  than  the  level  at  the  source,  and  it  is  not  expedient  to 
cut  a  passage  through  the  high  ground  in  order  that  the 
water  may  flow  down  by  gravity.  In  such  cases,  siphons 
may  be  used. 

2280.  The  principle  of  the  siphon  is  illustrated  in  Fig. 
797.  Here  A  and  B  are  two  vessels,  B  being  lower  than  A, 
and  A  C  B  is  the  bent  tube,  or 
siphon.  Suppose  this  tube  to 
be  fllled  with  water  and  placed 
in  the  vessels  as  shown,  witli 
the  short  branch  A  C  in  the 
vessel  A.  The  water  will  flow 
from  the  vessel  A  into  S  as 
long  as  the  level  of  the  water  in 
B  is  below  the  level  of  the  water 
in  A,  and  the  level  of  the  water 
in  A  is  above  the  lower  end  of 
the  tube  A  C.  The  atmos- 
pheric pressure  upon  the  surfart 
of,  J  and  /.'  lends  lo  force  the 
water  up  the  tnlK'K  A  Ca.nd£C. 
Wiien  the  siphon  is  filled  with 
vu:.  707.  water,  tach  of  Iht-sc  pressures 

is  counteracted  in  p;irt  by  the  luessure  uf  the  w;itcr  in  that 
branch  of  the  siphon  which  is  immersed  in  the  water  uptin 
which  the  ji-essnre  is  exerted.  The  atnu)sj>lu-ric  prtssiire 
opposed  to  the  wci^;ht  of  the  longer  column  of  water  will, 
therefore,  lie  more  resisted  than  that  opposed  to  the  weii;ht 
of  tile  siiorter  column;  conset|uently,  the  pressure  exerttii 
upon  tile  shi'itcr  coUiiun  will  he  greater  than  that  upon  the 
longer  (ohimn,  iind  tliis  excess  pressure  will  produce  motion. 


22SI 


In 


siph. 


which  c 


uses  the  flow  "f 
1  distance  between  the  two  water- 
niiccts;  in  the  above  figuiv.  the 
■:  II.  Theoretically,  the  distance 
the  (enter  of  the  pipe  above  the 
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level  of  the  water  into  which  the  short  leg  of  the  siphon  dips 
may  be  3i  feet;  practically,  28  to  30  feet  is  the  highest  that 
asiphon  willTPork  successfully.  If  required  to  work  contin- 
uously, 21  feet  should  be  the  greatest  height  of  C  E.  The 
less  this  distance  is,  the  better  the  siphon  will  work.  There 
is  no  limit  to  the  distance  E  D  which  constitutes  the  head. 

2.1t%2.  Fig.  708  shows  a  siphon  working  in  a  mine.  It 
is  desired  to  convey  the  water  from  D  to  R,  the  level  of  the 
water  in  E  being  always  lower  than  in  D.  The  siphon  con- 
sists of  ordinary  cast-iron  pipe,  jointed,  and  three  valves,  A ,  li, 
and  C.     The  suction  end  of  the  pipe  is  the  same  as  the  end 


of  the  suction  pipe  of  a  pump;  i.e.,  it  has  a  perforated  pear- 
shaped  end  in  order  to  keep  out  large  particles,  which  would 
prevent  the  siphon  from  working.  In  order  to  start  the 
siphon,  it  is  necessary  to  remove  the  air  in  the  pipe.  This  is 
accomplished  by  closing  the  valves  A  and  />,  and  opening  thi- 
valve  C.  Water  is"  then  conveyed  to  the  funnel  /■'  and 
poured  in.  The  water  drives  the  air  out,  and  takes  its  place 
in  the  pipe.  When  no  more  water  can  be  poured  in  without 
overflowing  at  F,  the  valve  C  is  closed,  the  valves  A  and  B 
are  opened,  and  the  siphon  is  in  operation. 

The  distance  .J  between  the  highest  point  of  the  center  of 
the  pipe  and  the  lowest  level  of  the  water  in  D  must  not  ex- 
reed  28  feet ;  it  would  be  better  not  to  have  it  exceed  21  feet. 
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The  greater  llie  distance  h   between  the  two  water-levels, 
the  better  the  siphon  will  work. 

Instead  of  filling  the  pipe  with  water  in  order  to  remove 
the  air,  an  air-pump  may  be  attached  at  C  and  the  air 
pumped  out.  When  this  is  done,  and  both  ends  of  the  siphon 
are  submerged  in  water  (as  they  should  always  be  in  prac- 
tice), the  valves  A  and  B  are  left  open,  the  water  gradually 
rising  in  the  pipe  as  the  air  is  removed,  and  finally  appearing 
at  C\  the  valve  C  is  at  once  closed,  and  the  siphon  begins  to 
work, 

i22S3.  Fig.  799  shows  a  very  convenient  method  of  fill- 
ing  the  pipe  with  water  when  the  siphon  discharges  into  the 


sump.  Here  .l/'is  the  poicit  from  which  it  is  desired  to  siphoD 
the  water,  /;  is  the  sump,  s  is  the  height  of  suction,  and  h  is 
the  head  which  induces  tlie  flow.  A  is  the  valve  at  the  sue- 
tioii-ciid,  and  />'  the  valve  at  the  delivery-end.  //  is  the  col- 
umn-pi|ie  of  the  main  pump,  C  a  small  pipe  leading  from 
the  r'iliimn-pip<'  to  the  siphon,  communication  being  opened 
orcl.iicd  liynid  of  the  valve  D.  A' is  a  chamber  to  allow  the 
air  to  escape,  and  !.  is  a  valve  which  controls  the  communi- 
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cation  between  the  siphon  and  the  chamber.  All  four 
vaives,  A,  B,  D,  and  L,  are  operated  by  handles,  as  shown. 
In  order  to  keep  the  air  from  getting  past  the  valve  L  when 
it  is  closed,  thus  entering  the  pipe  and  destroying  the  action 
of  the  siphon,  the  chamber  K  is  kept  filled  with  water.  The 
lever  /"  has  fastened  to  its  short  arm  a  rod  G.  Attached  to 
this  rod  are  the  handles  of  the  valves  B  and  D,  and  to  its 
lower  end  the  weight  /.  When  in  the  position  shown,  the 
valve  B  is  open  and  D  is  closed.  In  order  to  start  the 
siphon,  the  valve  A  is  closed  and  L  is  opened.  The  lever  F 
is  then  pulled  down.  This  action  raises  the  handles  of  the 
valves  D  and  B  to  the  position  shown  by  the  dotted  lines, 
opening  the. valve  D  and  closing  the  valve  B.  The  water 
flows  into  the  siphon  from  the  column-pipe  through  the 
small  pipe  C.  When  the  siphon  is  filled,  the  water  appears 
at  chamber  A',  the  valve  L  is  closed,  the  lever  F  is  released, 
and  the  weight  /  pulls  it  back  into  the  position  shown  in 
the  cut,  closing  the  valve  V  and  opening  the  valve  B.  The 
valve  A  is  then  opened,  and  the  siphon  is  in  working  condition. 

2284.  In  order  that  a  siphon  shall  work  properly,  it  is 
necessary  that  air  should  be  kept  out  of  the  pipe,  or,  if  it  gets 
in,  means  should  be  provided  for  its  escape.     Air  will  enter  the 


pipe  in  spite  of  all  precautions,  and,  when  once  in,  will  col- 
lect at  the  highest  point  of  the  siphon  because  the  pressure 
there  is  least.  The  joints  must  he  perfectly  air-light;  even 
then  the  water  absorbs  air,  which  is  given  out  again  as  the 
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pressure  lessens.  Then,  too,  the  pipe  seldom  runs  full  con- 
tinuously, and  air  enters  the  pipe  with  the  water  unless 
both  ends  of  the  pipe  are  submerged  in  water.  Since  the 
air  always  seeks  the  highest  point  of  a  siphon,  sharp  bends 
at  this  point,  as  at  E,  Fig.  801,  should  in  all  cases  be  avoided. 
A  long  bend,  ss  in  Fig.  798,  a  straight  level  pipe,  as  in  Fig, 
800,  or  a  pipe  on  a  long  incline,  as  in  Fig.  799,  will  always 
work  well. 


2285.  A-siphon  with  a  sharp  bend,  as  in  Fig.  801,  will 
not  wo  k  wel  for  the  follow  ng  reasons:  As  before  stated, 
the  a  r  seeks  the  h  ghest  point,  which  is  E.  This  air  is 
at  once  co  np  esscd  to  an  amount  represented  by  difference 


fe    ) 


f     vater    whose  height  is  s  (in 

^1 1     fa  column  of  walcr  n'liich 

)      Suppose  that  in  the  figure 

f  the  air  at  E  would  be  3i 

1  1  4  =  5.a03poundspL-rsquare 

materi;Llly  increased  b)Mhe 

hich,  consequently,  goes  t" 

already  there.     Whtn  the 

ccupy  the   space  a  f-b,  the 

riznntal  line  just  touching 

pipe,  the  water  can  not  g^'t 

h  m  is  useless.      The  same  is 
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o  true  of  a  siphon  having  a  double  bend,  as  shown   in 
2.     Here  the  air  will  collect  at  J^  and  J^ — at  £  first. 


d  ^  afterwards.  This  is  an  extremely  bad  construction, 
d  should  in  all  cases  be  avoided. 

22SB.  A  device  which  will  remedy  the  bad  action  of  a 
»hon  to  a  considerable  extent,  by  removing  the  air,  is 
own  in  Fig.  803.     Here  A  is  an  air-tight  vessel  connected 


ih  the  siphon  by  two  pipes,  />' ; 
very  nearly  the  top  of  A,  \v\i\ 
e  bottom.     Each  pipe  has  a  v;i 


iid  C.  The  pipe  5  extends 
c  the  pipe  C  barely  enters 
ve,  n  and  £.     On  the  top 
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of  the  vessel  are  a  funnel  G  and  valve  /^  When  the  air  has 
collected  in  the  siphon  and  ceased  its  flow,  the  valves  D  and 
E  are  closed,  and  the  valve  F  is  opened.  Water  is  then 
poured  into  A  until  it  is  fllled  and  overflows  the  funnel  G, 
The  valve  F  is  closed  and  D  and  E  opened.  Water  will  flow 
down  through  C^  and  the  air  will  ascend  through  B^  until  the 
air  is  all  out  of  the  pipe.  This  being  done,  D  and  E  are 
shut  and  F  opened.  The  vessel  is  then  filled  with  water,  F 
is  shut,  D  and  E  are  opened  and  left  open.  Any  air  which 
enters  the  siphon  will,  instead  of  collecting  at  //,  seek  the 
highest  point  by  ascending  B^  and  forcing  out  a  certain 
amount  of  water  through  C,  This  will  continue  until  A  is 
filled  with  air,  when  the  valves  D  and  E  should  be  shut,  and 
the  vessel  A  refilled,  as  before  described.  This  arrangement 
may  also  be  used  to  fill  the  siphon  for  the  purpose  of  setting 
it  to  work.  It  is,  of  course,  evident  that  the  highest  point 
of  the  water  in  A  must  be  not  more  than  28  feet  above  the 
level  of  the  water  at  suction. 

2287*  Theoretically,  it  makes  no  difference  whether 
the  discharge-end  of  a  siphon  is  submerged  or  not,  but 
practically  it  does,  for  the  reason  that,  if  the  siphon  is  not 
flowing  full,  the  air  will  enter  and  work  its  way  to  the  high- 
est point,  unless  the  discharge-end  is  beneath  the  water.  It 
also  makes  no  difference  if  one  end  of  the  siphon  is  larger 
than  the  main  pipe.  On  the  contrary,  it  is  rather  an  advan- 
tage to  have  the  suction-end  funnel-shaped,  since  the  resist- 
ance encountered  by  the  water  on  entering  is  thereby 
lessened.  A  siphon  will  work  better  using  cold  water  than 
when  using  warm  water;  hence,  it  works  better  in  the 
winter  than  in  the  summer 

2288.  The  amount  of  water  which  a  siphon  will  dis- 
charge is  calculated  by  the  formulas  given  for  the  discharge 
of  a  pipe.  The  head  is,  in  all  cases,  the  distance  marked  //  in 
Figs.  708  to  802,  and  the  length  /,  used  in  the  formulas,  is 
the  whole  length  of  the  siphon  from  the  end  of  the  suction- 
end  to  the  end  oi  the  discharge-end.  In  finding  the  head  //, 
it  is  assumed  that  the  discharge-end  is  submerged  ;  then  the 
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head  is  the  vertical  distance  in  feet  between  the  level  of  the 
water  at  suction  and  the  level  of  the  water  at  discharge.  If 
th3  discharge-end  is  not  submerged,  the  head  will  be  the 
vertical  distance  between  the  level  of  the  water  at  the  suc- 
tion and  the  end  of  the  discharge-pipe.  It  makes  no  dif- 
ference how  far  below  the  water  the  ends  of  the  siphon  may 
extend.  The  two  ends  of  the  siphon  may,  in  fact,  be  level. 
The  head  is  measured  as  described,  and  the  direction  of  the 
flow  will  always  be  from  the  higher  to  the  lower  water-level. 
The  length  of  the  pipe  is,  in  all  cases,  measured  from  c 
around  to  d. 

Example. — A  siphon  has  a  total  length  of  1,420  feet;  its  diameter 
is  4  inches,  and  the  distance  between  the  water-levels  is  38  feet.  What 
is  the  discharge  in  gallons  per  hour  ? 

Solution. — It  is  first  necessary  to  find  the  velocity  by  formula  1 82- 

Thus,  v^  =  2.315  j/??  =  2.315  |/J^^^Z  =  4.79  ft.  per  sec. 

From  Table 45,  /=.023  for  z/m  =  4,  and  .0214  for  7/m  =  6;  differ- 
ence =  .023  —  .0214  =  .0016  for  a  difference  of  2  feet  per  second  in  the 
velocity  =  .0016  -*-  2  =  .0008  for  a  difference  of  1  foot  per  second  in  the 
velocity.  4.79  — 4  =  .79.  .0008  X  .79  =  .000632  =  amount  to  be  sub- 
tracted from  .023  to  give  the  value  oi  f  for  ?'„,  =  4.79.  Hence, 
/=  .023  — .0006  =  .0224,  using  but  four  decimal  places.  Substituting 
the  values  of/,  /,  hy  and  d  in  formula  186, 


e  =  .(»445^^|/^^^^=.09445x4^V^ 


aHX4 


.0224  X  1,420 -f-.  125  X4 
8.2778  gal.   per  sec*  =  3.2778  X  60  X  60  =  11,800  gal.    per  hour,    very 
nearly.    Ans. 

CALCULATIONS  PERTAINING  TO  PUMPS. 

2289*     To  find  the  pressure  in  pounds  per  square  inch 
corresponding  to  any  given  head  of  water : 

Rule. — Multiply  the  head  in  feet  by  .JfSJi. ;  the  result  is  the 
pressure  in  pounds  per.  square  inch. 

2290.     To  find  the  head  of  water  corresponding  to  a 
given  pressure  in  pounds  per  square  inch : 

Rule* — Multiply  the  ^iven  pressure  in  pounds  per  square 
inch  by  2.801^;  the  result  is  the  head  in  feet. 
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Example. — What  pressure  will  a  head  of  120  feet  of  water  exert? 
Solution. — ^Applying  the  first  ,nile, 

120  X  .434  =  62.08  lb.  per  sq.  in.     Ans. 

Example. — ^What  head  of  water  will  exert  a  pressure  of  66  lb.  per 
sq.  in.? 

Solution.— Applying  the  second  rule, 

66  X  2.304  =  149.76  feet    An& 

2291.     To  find  the  size  of  the  plunger-cylinder  to  di& 
charge  a  given  number  of  gallons  per  minute: 

Let  G  =  number  of  gallons  discharged  per  minute; 
5  =  plunger  speed  in  feet  per  minute; 
d  =  diameter  of  cylinder  in  inches. 

Then,  rf=4.95i/~- 

Since,  however,  there  is  always  more  or  less  slip  of  thet 
water  past  the  plungers,  it  is  usual  to  add  \  of  the  required- 
number  of  gallons  to  the  value  given  to  G  in  the  above  for — 
mula,  to  allow  for  this  slip.     Doing  so,  the  formula  becomes 


d=5.535y^.  (190.) 


Formula  190  should  always  be  used  when  calculating  th^ 
size  of  the  plunger-cylinder  to  discharge  a  certain  number 
of  gallons  per  minute.     The  piston  speed  is  the  number  of 
feet  traveled  per  minute  by  the  plunger  when  forcing  water; 
that  is,  it  e(]uals  the  length  of  the  stroke  in  feet  multiplied 
by  the  niunl)er  of  working  strokes  per  minute.     If  the  pump 
is  double-acting,  the  number  of  working  strokes  is  the  same 
as  the  total  number  of  plunger-strokes,   both  forward  and 
back;  if  single-acting,  half  of  that  number. 

ExAMPLi:. — What  should  he  the  diameter  of  a  pump-plunger  required 
to  discharge  180  jrallons  of  water  per  minute,  the  speed  of  the  plunger 
to  be  11")  feet  per  minute  ?  If  the  pump  is  double-acting  and  the  stroke 
is  two  times  the  diameter,  how  many  strokes  must  it  make  per  minute, 
and  what  is  the  length  of  the  stroke  ? 
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Solution. — Applying  formula  190, 

//=  5.535 1/^  =  5.535 1/^  =  5.88  in.,  say.  5J  in.  -Ana. 

Since  the  stroke  is  twice  the  diameter, 

stroke  =  5}  X  2  =  llf  in.  =  li^  ft.    Ans. 

„      ,         ,    ^    ,  .,_      11.75      115X12 

Number  of  strokes  =  115  h — r^  =         ^      = 

117.44  strokes  per  minute,  nearly.     Ans. 
This  speed  is  rather  high  for  a  pump,  and  should  be  em- 
ployed only  when  absolutely  necessary. 

2292.  To  find  the  approximate  discharge  in  gallons 
per  minute  of  a  mine-pump,  when  the  diameter  and  plunger 
Sf>eed  are  known,  use  the  following  formula: 

G  =  . 03264: /i^S.  (191.) 

The  same  allowance  has  been  made  for  the  slip  in  this 
^^^rmula  that  was  made  in  formula  190.  If  the  theoretic 
discharge  is  required,  G  =  .0408  d^  5. 

Example. — What  is  the  probable  discharge  of  a  duplex  double- 
"king  mine-pump  whose  plungers  are  10  inches  in  diameter,  stroke 
inches,  and  which  makes  40  strokes  per  minute  ? 

Solution. — Applying  formula  191, 

G=  .03264  d*  S  =  .08264  X  10«  X  (2  X  40)  =  261.12  gal.  per  min., 
^\^ce  24  in.  =  2  ft  and  the  piston  speed  =  2  x  40  ft.  per  min.  The  total 
^^^charge  is  twice  this  amount,  or 

261.12  X  2  =  522.24  gal.  per  min.     Ans. 

Example. — In  the  above  example,  what  is  the  theoretic  discharge  ? 

Solution.—    G  =  .0408  d*S=  .0408  X  10«  X  (2  X  40)  =  326.4  gal.  per 
^in.    826.4  X  2  =  652.8  gal.  per  min.     Ans. 

2293.  To  find  the  horsepower  of  a  steam  or  air  cylinder 
to  discharge  a  certain  number  of  gallons  of  water  per  minute 
With  a  given  lift,  substitute  in  the  following  formula,  in 
which  1/  =  the  number  of  horsepower,  //  =  vertical  height 
in  feet  between  the  highest  point  of  the  center  of  the  deliv- 
ery or  column  pipe  and  the  level  of  the  water  in  the  sump 
or  place  from  which  it  was  taken,  and  G  =  the  number  of 
gallons  discharged  per  minute  : 

//'=.  00038  G  A,  (192.) 
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The  theoretic  horsepower  will  be  two-thirds  of  the  above 
result 

Example. — How  many  horsepower  should  the  steam-cylinder  of  a. 
pump  be  designed  for  which  is  required  to  discharge  350  gallons  per 
minute,  the  total  lift  being  820  feet  ? 

Solution. — Applying  formula  192, 

H  =  .00038  GA  =  .00038  X  850  X  320  =  42.56  horsepower.     Ans. 

In  the  above  example,  the  theoretical  horsepower  is  42.56  >C 
J  =  28.37   horsepower.      In   formula  192,  allowance  ha^ 
been  made  for  friction  of  water  ipi  the  pipe,  engine  friction  , 
pump  friction,  etc. 

2294.  If  it  is  desired  to  know  the  height  which  a  pum-^ 
will  raise  water,  when  the  horsepower  of  the  steam-cylinder : 
and  discharge  of  the  pump  have  been  determined,  use  tl^  ^ 
following  formula,  in  which  the  letters  have  the  same  mear-^ 
ing  as  in  formula  192; 

^'  =  . 00038  (?•  (103.) 

Example. — To  what  height  will  a  40-horsepower  pump  force  !&8 
gallons  of  water  per  minute? 

Solution. — Applying  formula  193, 

'^'  ^  .00038  c;  "^  .00038x280  ~  ^'^^  ^^^^'     ^"^ 

2295.  To  find  the  size  of  the  steam  or  air  cylinder  of  a 
pump,  first  calculate  the  horsepower  by  formula  192,  then 
proceed  as  follows:     It  is  customary  to  design  pumps  on  a 
basis  of    100  feet    plunger  speed    per  minute.      For  mine- 
pumps  working  continuously,  this  is  about  right,  although 
in  some  cases  as  high  as  240  feet  per  minute  has  been  at- 
tained.    Nevertheless,  for  continuous  working,  100  feet  per 
minute  is  a  fair  allowance,  and   does   not  bring  excessive 
strains  on  the  pump.     If  a  simple  pump  is  to  be  used,  the 
mean  pressure  of  the  steam  or  air  will  be  the  same  as  the 
gauge  pressure  at  the  pump,  since  the  pressure  is  carried 
full  stroke.     If  the  pump  is  also  direct-acting,  the  speed  of 
the  steam-piston  will   be  the  same  as  the  pump-piston  or 
plunger  speed. 
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Let  S  =  piston  speed; 

D  =  diameter  of  cylinder  in  inches ; 

r  =  ratio  between  the  length  of  stroke  and  diameter 

of  cylinder ; 
/  =  length  of  stroke  in  feet; 
N=  number  of  strokes  per  minute; 
If  =  horsepower ; 
P  =  steam  or  air  pressure  per  sq.  in. 

Then,  D  =  205  j/^.  ( 1 94.) 

The  diameter  may  also  be  found  by  formula  l^Sj  Air 
and  Air  Compression^  Art.  2152. 


rPN' 

Having  obtained  the  diameter  by  means  of  either  formula 
J. -48  or  formula  194,  the  stroke  can  be  found  by  multi- 
Plying  the  diameter  by  the  value  of  the  ratio  r.  In  case 
formula  194  is  used,  the  number  of  strokes  can  be  found 
py  dividing  the  piston  speed  by  the  length  of  the  stroke 
^^^  feet. 

Example. — A  pump  to  be  driven  by  compressed  air,  at  a  pressure  of 
pounds  per  square  inch,  is  to  have  a  piston  speed  of  100  feet  per 
*^inute.  If  82  horsepower  are  required  to  operate  it,  what  should  be 
^^c  size  of  the  air-cylinder  and  the  number  of  strokes  ? 

Solution. — Using  formula  194, 

r   45  X 100       r       45  X  100  ^      ^ 

For  this  case,  let  the  stroke  be,  say,  22  in.,  thus  making  r  a  little 
^ver  \\.  The  number  of  strokes  will  then  be  100  -*-  f|  =  54j«y.  To 
*tiake  even  figures  all  around,  let  the  number  of  strokes  be  55  per 
Minute.     Ans. 

Since  it  is  easier  to  extract  square  than  cube  root,  the  first 
of  the  above  formulas  is  to  be  preferred  to  the  second. 


8IZBS  OP  SUCTION  AND  DELIVERY   PIPES. 

2296.  The  usual  practice  is  to  allow  a  velocity  of  200 
feet  per  minute  in  the  suction-pipe,  and  400  feet  per  minute 
in  the  delivery-pipe.  Substituting  these  values  for  5  in  the 
formula  for  the  theoretical  diameter  of  the  plunger  given  in 
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Art.  2291 9  and  letting  d^  be  the  diameter  of  the  suction 
pipe  and  d^  the  diameter  of  the  delivery-pipe, 

<  =  4.95i/^,or<  =  .35|/C.  (195.) 

<  =  ^-^5  V"^,  or  <  =  .25i/^.  (196.) 

.  The  pipes  may  be  larger  than  the  values  calculated  by  tlie 
above  formulas,  particularly  the  suction-pipe,  but  it  is  not  a 
good  plan  to  make  them  any  smaller.  The  larger  the  pipes 
are,  the  less  the  velocity,  and,  consequently,  the  less  the 
frictional  resistances. 

Example. — What  should  be  the  diameters  of  the  suction  and  deliv- 
ery pipes  of  a  pump  which  discharges  225  gallons  of  water  per  minute *r 

Solution. — Applying  formula  195, 

dx  =  .35.  /Zr=  .85  f^§25  =  5.25  in. 
Since  the  pipe  sizes  usually  vary  by  even  inches  above  4  in.  diameter, 
the  size  of  the  suction-pipe  should  be  either  5  in.  or  6  in.  diameter, 
preferably  the  latter,  but  assumed  for  this  case  to  be  5  in.  Alst> 
d-x  —  .25  4/225  —  3.75  in.,  or  say  4  in.  diameter.  Hence,  the  diameters 
are,  respectively,  5  in.  and  4  in.     Ans. 

Some  manufacturers  make  thd  diameters  of  their  suction- 
pipes  equal  to  the  diameter  of  the  plunger. 

ExAMPLK. — Calculate  the  sizes  of  the  steam  and  water  cylinders  and 
of  the  siution  and  delivery  pipes  for  a  direct-acting  steam-pump  t" 
discharge  770  gallons  of  water  per  minute,  under  a  head  of  1,00(^  f*-'^^' 
single  lift,  the  steam-pressure  at  the  pump  to  be  71  pounds  pt^i" 
square  inch. 

SoLi'TioN. — Assume  for  this  case  a  plunger  speed  of  120  feet  pt'' 
minute.     Then,  using  formula  190, 

d  :=  5.5:15  i'   ^[-  _  5.5:r)  I    \~  =  14.05  in.,  say  14  in.,  = 

diameter  of  plunger. 

Assuming  the  stroke  lo  be  three  times  the  diameter  of  the  plunger, 
the  stroke  :r  H  X  •{  = -1^  in.  Since  the  pump  is  direct-acting,  the 
stroke  of  the  steam-])iston  must  also  be  42  in.  The  number  of  stroke? 
per  minute  will  he  120  -v-  JH  z=z  :U'^.  The  horsepower  is  found  by  means 
of  formula  192. 

//=  .00038  G/^  =  .000138  X  770  X  1,000  =  292.6  horsepower. 
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iameter  of  the  steam-cylinder  is  found  by  formula  194. 


D  =  205|/J^5^  =  38  in.,  very  nearly. 
2ter  of  suction-pipe,   r/i  =  .35  ^^G  =  .35  ^770  =  9.712  in.,  say 


>■  Ans. 


2ter  of  delivery-pipe,  //,  =  .25  |/77()  =  6.937  in.,  say  7  in. 
5,  Diameter  of  plunger,  14  in. 

Diameter  of  steam-cylinder,       38  in. 

Diameter  of  suction-pipe,  10  in. 

Diameter  of  discharge-pipe,         7  in. 

Stroke  of  pump,  42  in. 

Number  of  strokes  per  minute,     34|. 

Horsepower,  292.6. 

PLE. — Find  the  sizes  of  a  duplex  pump  to  fulfil  the  same 
ns  given  in  the  last  example,  assuming  the  stroke  to  be  about 
the  diameter  of  the  plunger,  and  the  steam-pressure  to  be 
ds  per  square  inch. 

riON. — The  total  honiepower  and  the  diameter  of  the  discharge- 
*mmon  to  both)  will    be   the  same  as  before.     Each  pumpn 
will  discharge  ^^  =  385  gallons  per  minute. 
s,  applying  formula  1 90, 


</=  5.5354/^07^  =  10  in.,  very  nearly. 


120 

e  =  10  X  2^  =  25  in.,  say  24  in.,  or  2  ft. 

lumber  of  strokes  per  minute  =  120  -j-  2  =  60. 

293  6 
jpower  of  each  steam-cylinder  =  "  ^^'    =  146.3. 

ring  formula  194, 

^  y  -FTi — loin  ~^'^  in.,  the  diameter  i)f  the  steam-cylinder, 
1. 

uction-pipes  each  deliver  385  galltjns  per  minute  to  the  pump; 
pplying  formula  195, 

dx  =  .35  |/385  =  6.87  in.,  say  7  in. 

quently,              Diameter  of  plungers  (2),  10  in. 

Diameter  of  steam-cylinders  (2),  26  in. 

Diameter  of  suction-pipes  (2),  7  in. 

Diameter  of  discharge-pipe  (1),  7  in.  . 

Stroke  of  pump,  24  in. 

Number  of  strokes  per  minute,  .    60. 

Horsepower  of  each  cylinder,  146.3. 

Total  horsepower,  292.6. 


\ 
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2297«  Startlns:  a  Pump. — -See  that  the  pump  is  well 
oiled,  and  that  all  pipes  and  connections  are  free  from  obstruc- 
tions ;  see  that  the  stuffing-boxes  and  plungers  are  properly 
packed.  Open  the  charging  and  relief  pipes,  to  fill  the  suction 
and  cylinders  with  water  and  drive  out  the  air ;  also,  open. 
the  drain-cocks  of  the  steam-cylinder.  Before  starting,  allow 
the  steam-cylinder  to  warm  up  thoroughly.  Turn  on  the  steam, 
gradually,  and  run  the  pump  at  slow  speed  for  a  short  time. 

Failure  of  a  pump  may  be  due  to  a  multiplicity  of  causes, 
the  chief  of  which  are  the  following:  Air  in  the  pump- 
chamber  or  in  the  suction-pipe ;  dirt  in  the  suction-pipe  or 
in  the  valves ;  suction-pipe  too  long  or  too  small  and  crooked  ; 
air-chamber  too  small ;  leaky  steam-valves  or  warm  pistoas 
or  plunger;  pump  hot  and  filled  with  vapor;  improper 
design  of  pump  for  the  work  to  be  done. 

The  greatest  difficulty  met  with  in  pumping  mine-water  if 
the  chemical  action  of  the  water  upon  the  pump-cylinders, 
plungers,    rods,  valves,  etc.     It  is  particularly  destructive 
in  the  anthracite  coal  regions.     Portions  of  old  mine-pumps 
are  seen  in  which  some  of  the  cast-iron  parts  were  so  soft 
that  they  could  be  easily  cut  with  a  knife.     They  have  the 
appearance  of  a   honeycomb.     Other  instances  have  been 
frequently  noted  where  the  water  has  dripped  on  a  steel  rail 
from  the  roof  of  a  mine,  and  eaten  a  hole  through  it.     When 
the  mine-water  is  in  this  condition,  the  life  of  a  pump  is  short 
at  the  best.     The  exposed  cast-iron  parts  are  made  of  the 
hardest  cast  iron  that  can  be  worked.     The  water  will  attack 
wrought  iron  and  steel  even  quicker  than  cast  iron.     This 
chemical  action  is  much  less  rapid  on  gun-metal,  phosphor- 
bronze,  and    several  other  alloys;  hence,  in  well-constructed 
pumps  for  raising  acid  water  of  this  kind,  the  valves  are  made 
of  this  material  when  not  made  of  rubber.      In  cases  of  this 
kind,  and  also  when  the  w- ater  is  very  gritty,  the  cylinders  are 
bored  larger  than  the  plunger,  and  a  gun-metal  or  phosphor- 
bronze  shell,  about  an  inch  thick,  is  inserted.    The  wear  conies 
principally  on  the  bottom,  and  when  it  has  worn  more  than 
desired  there,  the  shell  vaw  be  turned  partly  around,  so  that 
the  wear  may  come  at  another  j)(^int.      When  worn  out,  the 
plunger  and  shell  can  be  replaced,  and  the  old  shell  melted  up. 
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HAULAGE  SYSTEMS. 


INTRODUCTION. 

2298.  Underground  haulage,  whether  done  by  wire  rope 
or  otherwise,  is  always  carried  on  in  two  distinct  stages. 
The  first  or  local  haulage  is  done  by  drawing  the  cars  from 
the  working  face  to  a  gathering-up  or  central  station,  from 
which  the  general  haulage  begins.  From  the  latter  station 
the  loaded  cars  are  hauled  in  trains  to  the  bottom  of  the  shaft 
or  slope,  or  out  of  the  drift,  as  the  case  may  be.  To  secure 
economy  and  despatch,  it  is  necessary  that  the  local  haulage 
^  made  as  short  as  possible,  as  this  work  is  generally  done 
"y  mules,  and  is  more  costly  than  mechanical  haulage.  For 
^he  same  reason,  the  general  or  mechanical  haulage  is  made 
^  long  as  possible. 

2299.  This  section  deals  principally  with  wire-rope 
^^ulage.  There  are  four  classes  of  wire-rope  haulage  which 
^ill  constitute  the  principal  divisions  of  the  discussion. 
They  are  : 

1.  Gravity-planes; 

2.  Engine-planes; 

3.  Tail-rope  systems; 

4  Endless-rope  systems. 

GRAVITY.PLANE8. 


CONDITIONS  REQUIRED  FOR   SUCCBSSFUL  OPERATION. 

2300*  This  system  of  haulage  is  done  by  gravitation, 
and,  as  far  as  the  motive  power  is  concerned,  it  might  be 
supposed  that  it  is  cheap  and  economical,  but  such  a  con- 
clusion is  not  always  the  correct  one,  for  very  important 
reasons,  which  should  be  known. 

§22 
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A  prominent  railway  company  for  some  years  did  its  coal 
haulage  on  the  surface  by  a  series  of  gravity-planes  or  self- 
acting  inclines.     In  course  of  time,  it  was  found  that  the 
work  between  the  terminals  could  be  more  cheaply  done  oa 
a  properly  graded  road  by  steam-locomotive  haulage  than  by 
gravitation.     The  reason  for  this  was  that  many  of  the  in- 
cline roads  were  short,  and  the  number  of  persons  employed 
on  each  short  incline  made  in  the  aggregate  a  great  number  ; 
the  repeated  stoppages  for  detaching  one  set  of  ropes  ancj 
attaching  another  entailed  a  considerable  waste  of  time,  and 
it  was  found  impossible  to  keep  all  the  inclines  running  in 
such  accord  that  the  train  from  one  would  arrive  in  time  to 
follow  that  of  another.     The  result  was  that  the  quantity  of 
coal  hauled  per  day  was  relatively  small,  being  only  about 
one-fourth  of  what  could   be   hauled   by  steam-locomotive 
haulage.     It  was  also  found  that  the  cost  of  ropes,  rollers,    . 
and  the  services  of  the  men  employed  far  more  than  counter- 
balanced the  cost  of  fuel  and  other  expenses  incidental  to 
locomotive  haulage.     These   same   conditions  occur  in  the 
mine,  and  in  the  same  way  the  limitations  of  a  costless  power 
sometimes  cause  stoppages  that  reduce  the  output  to  such 
an  extent  that    cither    direct    steam-power   or  transmitted 
power  is  found  to  be  better  and  cheaper.     There  are  con- 
ditions under  which  gravity-planes  are  cheap  and  effecti^'e, 
but  these  are  seldom  found  in  the  principal  or  primary haul-- 
a^e,  excepting   when  the  self-acting  incline  haulage  is  done 
with  an  endless  rope. 

2301.  The  haulage  on  self-acting  inclines  where  the 
pitch  is  heavy  is  done  with  a  i)air  of  ropes  and  a  pair  of 
drums,  by  which  arrangement  the  trains  can  be  kept  under 
perfect  control  with  the  brake,  as  no  slipping  of  the  rope  on 
the  drums  can  (xuur.  Where  the  pitch  is  light,  a  single 
rope  is  used,  in  whic^h  case  the  rope  is  given  one  turn 
upon  the  head-wheel.  This  is  found  to  be  quite  sufficient, 
for  und(^r  such  conditions  it  is  not  necessary  for  the  brake 
to  be  so  tightly  applied  as  to  cause  the  one  coil  of  rope 
to  slip. 


^ 
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2302*  Until  quite  recently,  the  only  self-acting  inclines 
in  use  were  those  just  noticed,  but  now  self-acting  inclines 
with  endless  ropes  are  fast  displacing  them.  Each  of  the 
two  roj)e  systems  is  subject  to  very  sharply  defined  limits, 
because  the  rope  reaching  to  the  bottom  of  the  incline  soon 
weighs  as  much  as  the  descending  coal,  and  then  the  gravity 
of  the  coal  ceases  to  supply  the  required  motive  power. 

2303.  For  example,  if  on  an  incline  with  4  per  cent, 
grade,  the  rope  reaching  to  the  foot  weighs  2,000  lb.,  a 
loaded  car  4,000  lb.,  and  an  empty  car  1,500  lb.,  the  loaded 
car  will  not  exert  force  enough  to  pull  the  empty  car  up,  for 
the  following  reasons  : 

First,  the  friction,  which  amounts  to  about  -^^  of  the  load, 
must  be  considered;  second,  the  fact  that  the  descending 
car  balances  the  ascending  car  must  be  borne  in  mind ;  there- 
fore, the  force  is  exerted  only  by  the  coal  in  the  loaded  car. 
The  resistance  offered  by  the  rope  is  caused  by  {a)  its 
Weight,  and  (d)  the  friction  due  to  its  weight.  To  move  the 
rope  up  the  incline  regardless  of  friction  requires  2,000  X  .04, 
or  80  lb.     To  this  must  be  added  the  friction,  which  amounts 

to    *      - ,  or  60  lb.,  making  the  total  force  required  to  move 
40 

the  rope  equal  to  80  +  50  =  130  lb. 

Now,  the  force  required  to  move  the  rope  must  all  come 

from  the  weight  of  the  coal  in  the  loaded  car.     On  a  4  per 

cent,  incline  the  2,500  lb.  would  exert  a  force  parallel  to  the 

incline  equal  to  4  per  cent,  of  2,500  lb.,  or  100  lb.     From  this 

must  be  subtracted  the  friction  due  to  both  the  loaded  and 

4,000-f  1,500         .ofvrriu       XT  1  .u    . 

empty  cars,  or-^ — =137.5  lb.    Now,  we  know  that 

40 


can  not  subtract  137.5  from  100,  and,  therefore,  it  is  evi- 
dent that  the  loaded  car  is  entirely  too  light  to  start  the 
empty  car  and  rope  from  the  bottom. 

To  make  the  matter  more  clear,  let  the  grade  be  G  per 
cent.,  and  the  weights  of  rope,  cars,  and  coal  he  the  same  as 
in  the  previous  example.     Now,  the  force  required  to  move 
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the    rope    will    be    equal    to    (2,000  X  .00)  +  ^^^^—- =  1701b 

The  pull  exerted  by  the  2,500  lb.  of  coal  will  be  2,500  >= 
,06  =  150  lb.  The  friction  due  to  the  coal  and  the  two  car- 
will  be  ^^^^^^  +  '^^^^  =,  137.5  lb.     This  must  be  subtracter 

40 

from  the  150  lb.  to  obtain  the  net  force  due  to  the  w^eight  c^ 
the  coal;  thus,  150  —  137.5  =  12.5  lb.  Since  the  coal  i^ 
one  loaded  car,  under  the  conditions  given,  exerts  a  workirx  r 
force  of  but  12.5  lb.,  it  is  plain  that  it  will  be  necessary  to 
run  several  cars  in  a  trip  to  get  force  enough  to  oveFCome 
the  friction  of  the  rope.     As  the  force  necessary  to  move 

the  rope  is  170  lb.,  it  will  require  in  each  trip  7^-r  =  13.6, 
or  14  cars. 

2304.  When  gravity-planes  are  run  with  a  pair  of  ropes, 
the  grade  should  increase  as  the  length  increases.  This  in- 
crease, however,  can  not  always  be  secured,  because  we 
must  take  a  grade  as  we  find  it.  The  length  of  an  incline 
may  be  increased  until  the. number  of  cars  in  the  train  can 
not  lift  the  heavy  rope.  This  conclusion  is  apparent  when 
it  is  understood  that  if  the  weight  of  the  rope  per  foot 
remains  the  same,  and  if  the  length  of  the  incline  is  double, 
the  number  of  cars  in  a  train  must  be  doubled.  This  state- 
ment, however,  still  falls  short  of  the  exact  truth,  for  as  the 
number  of  cars  in  a  train  increases  in  number,  the  weight  per 
foot  (^f  the  rope  for  such  trains  must  also  increase,  and  the 
result  is  that  gravity-planes  exceeding  half  a  mile  in  length 
are  seldom  found,  except  where  the  pitch  is  30°  or  more. 

It  is  now  clear  that  for  an  incline  to  be  self-acting  the  use- 
ful gravity  force  (or  the  force  that  remains  after  the  friction 
due  to  the  weights  of  a  double  train  of  cars  and  the  load  in 
one  of  them  has  been  subtracted  from  the  weight  that 
gravitates)  must  exceed  the  gravity  weight  of  the  roi)e  and 
the  friction  due  to  its  weight. 

2305.  There  are  cases  in  the  local  or  secondary  haulage 
of  a  mine  where  a  gravity-plane  is  of  great   value.      For 
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instance,  where  the  working  face  is  advancing  up  grade, 
self-acting  inclines  called  **jigs"  are  adopted.  These  are 
self-acting  inclines  in  which  a  balance-weight  is  pulled  up 
by  the  descending  full  car,  and  the  empty  car  in  turn  is 
pulled  up  to  the  working  face  by  the  balance-weight,  or  jig- 
weight,  as  it  is  generally  called.  In  some  of  these,  the  loaded 
truck  or  jig  runs  on  narrow-gauge  rails  between  the  rails  of 
the  ordinary  track,  and  in  other  cases  the  jig  is  made  to  run 
on  a  track  in  a  parallel  opening.  Short,  self-acting  inclines 
are  also  used  to  advantage  in  running  loaded  cars  from  a 
counter  gangway  to  the  main  gangway,  driven  at  a  lower 
leveL 


DB8CRIPTION  OP  DBTAII^. 

2306.  Fig.  811  shows  an  ordinary  self-acting  incline,  or 
one  in  which  the  weight  of  the  coal  in  a  loaded  train  acts 
as  a  motive  force.  At  the  head  of  the  incline  is  seen  the 
drum,  or  reel  Ay  around  which  the  ropes  wind.  When  a 
single  drum  of  this  character  is  used,  one  of  the  ropes  runs 
off  the  top  side,  and  the  other  runs  off  the  bottom  side 
of  the  drum;  a  moment's  consideration  will  explain  the 
reason  for  this.  If  both  ropes  were  on  one  side  of  the  drum, 
they  would  both  run  off  or  on  together,  but  as  they  coil  on 
opposite  sides  of  the  drum,  one  runs  on  while  the  other 
runs  off. 

2307«  The  incline  shown  in  Fig.  811  is  provided  with 
double  tracks,  to  allow  the  empty  trains  to  pass  each  other 
without  danger  of  colliding.  Between  the  rails  are  seen  the 
rope-rollers  /,  /,  used  to  prevent  the  ropes  trailing  on  the 
ground.  Trains  on  a  self-acting  incline  begin  to  accelerate 
in  speed  at  a  point  midway  in  the  plane,  and  after  the 
loaded  cars  have  reached  the  lower  side,  instead  of  the 
weight  of  the  rope  reacting  against  the  gravity  force  of 
the  coal,  it  now  supplements  that  force,  and  the  result  is  an 
increased  speed.  Unless  something  is  done  to  j)rovide  for 
checking  the  acceleration  of  the  cars,  dangers  of  a  manifold 
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haracter  may  occur.  For  this  reason,  a  brake  J  is  provided, 
hich  is  applied  by  an  attendant  at  the  drum.  For  running 
le  full  cars  onto  the  incline  and  the  empty  ones  off  of  it, 
*oper  branch  tracks  and  switches  are  necessary.  For  ex- 
nple,  an  automatic  switch  is  placed  at  the  head  of  the 
ubie  tracks  in  such  a  way  that  the  loaded  cars,  on  reach- 
^  the  top  of  the  incline,  may  alternately  take  the  tracks 
and  A^.  When  the  empty  train  //  H  reaches  the  head  of 
i  incline  passing  out  of  the  track  iV,  it  passes  on  to  the 
ipty  car  line  0\  then  two  loaded  cars  passing  out  of  L  are 
tomatically  switched  onto  iV,  for  the  empty  cars,  in  Pass- 
at out  of  iV,  set  the  switch  for  the  loaded  cars  to  run  onto  N. 

2308.  A  vertical  section  of  the  incline  is  seen  in  the 
«rer  portion  of  Fig.  811.     The  loaded  cars  are  descending 

F  F^  and  the  empty  cars  are  ascending  at  //  H,  The 
pe  from  the  top  of  the  reel  is  attached  to  the  full  cars  F^  /% 
id  the  rope  from  the  under  side  of  the  reel  is  attached  to 
e  empty  cars  //,  H\  consequently,  the  drum,  as  seen  in 
e  end  view,  is  turning  in  the  direction  of  the  hands  of  a 
atch;  that  is,  running  the  rope  off  the  top  and  running  it 
I  at  the  bottom.  The  head-frame  for  carrying  the  drums 
such  as  may  sometimes  be  seen  on  the  surface,  and  also 
the  mine.  Grip-wheels  and  fleet-wheels  have  in  a  great 
any  cases  displaced  the  head-frame,  but  there  are  cases  in 
ick  seams  where  it  is  still  used  with  advantage. 

2309.  Fig.  812  shows  an  under  level  grip  or  fleet 
leel,  situated  under  a  surface  structure.  In  principle  it  is 
5  same  as  the  fixings  of  a  grip-wheel  under  the  level  of  the 
Lcks  at  the  head  of  an  incline  in  the  mine,  for  there  an  im- 
rground  chamber  is  cut  out  for  the  location  of  the  wheel,' 
shown  in  Fig.  820.  Fig.  812  also  illustrates  an  arrange- 
;nt  of  the  tracks  differing  from  that  shown  in  Fig.  811. 

this  case  a  treble  rail  is  continued  to  the  parting,  and 

>m  the  lower  end  of  the  parting  to  the  foot  of  the  incline. 

the  majority  of  underground  in(  lines,  the  arrangement 

the  tracks  is  like  that  illustrated  by  P'ig.  813.     In  this. 
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in  Pig.  812,  the  treble  rails  are  continued  to  the  part- 
irijrs^  but  the  parting  tracks  unite  in  a  single  one,  which 
is  continued  to  the  foot  of  the  incline.  These  three  fig- 
'^T-es  bring  before  us  in  a  strong  light  some  of  the  practi- 
^^  difficulties  that  arise  in  making  tracks  for  self-acting 
dines.  In  mines  where  the  roof  and  floor  are  tender,  it  is 
costly  and  a  difficult  matter  to  keep  the  roads  secure  and 
good  working  order,  and  so  much  is  this  the  case,  that  the 
vantages  of  gravity-planes  must  often  be  disregarded 
lien  the  conditions  will  not  permit  the  construction  of 
^tDuble  tracks. 

231 O*  Timbering  should  be  avoided  as  much  as  possible 
^xi  a  self-acting  incline,  because,  in  the  event  of  a  rope  break- 
ing and  the  cars  running  away  and  being  derailed,  the  tim- 
l>cr  is  knocked  out  and  the  roof  is  let  down,  with  the  result 
that  a  stoppage  of  work  occurs,  and  great  expense  is  incurred 
in  repairing  the  road. 

231 1.  Figs.  814,  815,  816,  817,  and  818  show  some  special 
appliances  for  self-acting  inclines.  For  example,  they  show 
the  self-acting  jig,  in  which  the  full  cars  C\  C  are  hauling  up 
the  balance-weight  F.  This  consists  of  a  cast-iron  box  run- 
ning on  wheels  on  a  track  of  small  gauge  within  the  wider 
gauge  of  the  car-track.  This  may  be  clearly  comprehended 
by  reference  to  Fig.  815,  where  the  car  is  seen  passing  over 
the  balance-truck  F,  In  Fig.  814  the  loaded  cars  are  shown 
descending  and  the  balance-truck  ascending.  To  fully  com- 
prehend the  principles  of  action  involved  in  this  self-acting 
jig,  supp>ose  that  the  cars  have  reached  the  foot  of  the  incline. 
The  man  at  the  top  applies  the  brake ;  that  is,  he  holds  the 
rope  securely  with  the  brake  until  the  loaded  cars  are  de 
tached  and  a  fresh  train  of  empty  ones  is  attached.  Then 
he  eases  off  the  brake,  and  the  balance-car  is  allowed  to 
descend  and  pull  the  empty  train  of  cars  to  the  top  of  the 
incline.  In  this  illustration  the  grip-wheel  is  mounted  on  a 
head-frame;  but  it  often  occurs  in  a  mine  that  the  grip-wheel 
is  fixed  under  the  level  of  the  road  at  the  head  of  the  incline. 
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In  Pig.  816  a  side  view  of  the  balance-truck  is  seen  at  /*,  will 
the  drop-bar  G  attached  to  the  rope ;  or,  more  correctly,  t  li< 
rope  is  attached  to  the  bell-crank  lever  at  the  back  end  <) 
the  balance-car  in  such  a  way  that  when  the  weight  of  tlr 
truck  is  hanging  on  the  rope,  the  lever  G  is  elevated,  and  ii 
the  event  of  the  rope  breaking  or  the  balance-truck  becorxi 
ing  detached,  the  lever  G  by  its  weight  falls,  digs  int* 
the  ground,  and  prevents  the  truck  from  running  down  tli 
plane. 

2312.     A  front  and  end  view  of  a  grip-wheel  is  given  ii 
Figs.  817  and  818.     In  many  cases  a  fleet-wheel,  or  a  whee 
with  a  slight  conical  tread,  on  which  the  coils  of  rope  slightly 
slip  down  towards  the  flange  on  the  lower  side,  is  used  insteac 
of  a  grip-wheel.     The  grip-wheel,   however,   has  a  special 
advantage  which    makes  it   an  excellent   substitute   for  a 
double-rope  reel.      In  case  one  side  of  the  rope  breaks,  the 
grips  on  the  tread  of  the  wheel  hold  the  other  side  of  the  rope 
secure,  for  the  rope  is  seized  by  the  grips  in  which  it  lies. 
As  all  the  grips  surrounding  the  wheel  (as  those  shown  at 
By  Cy  By  C)  act  independently  of  each  other,  the  rope  is  held 
as  securely  as  it  would  be  by  a  reel  on  which  was  coiled 
separate  ropes.     The  grips,  it  will  be  seen,  are  fixed  on  the 
periphery  of  the  wheel  like  so  many  teeth ;  one  of  them  is 
shown  in  transverse  section  at  7?,  C^  Fig.  B18. 

B  and  C  are  called  the  jaws  of  the  grip.  The  rope  presses 
in  between  them,  and  in  doing  so  the  jaws  distend  at  the 
bottom  and  close  at  the  top  until  the  rope  is  held  as  in  a  vise. 
There  are  many  varieties  of  jaw  actions  for  grip-wheels, 
but  this  is  a  truly  representative  one.  For  self-acting  in- 
clines in  mines  where  the  pitch  of  the  road  is  comparatively 
small  and  the  length  of  the  incline  is  short,  head-wheels  are 
sometimes  laid  in  a  horizontal  position,  under  the  road,  at  the 
head  of  the  incline.  In  such  a  case,  the  diameter  of  the 
wheel  is  made  about  equal  to  the  distance  from  center  to 
center  between  the  full  and  empty  tracks.  Such  a  wheel, 
however,  is  seldom  a  grip-wheel  but  the  groove  in  which 
the  rope  runs  is  made  in  the  form  of  an  acute  angle,  so  that 
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1  the  sides  of  the  two  enclo- 
on  one  of  its  sides  a  brake- 


e  rope  fixes  itself  and  grips 

ig  flanges.      The  wheel 

inge,  so   as    tc    keep   the 

inning  cars  under  control 

3metimes,  however,  where 

K  pitch   is  considerable, 

:parate  reels,  connected  by 

ear-w heels,    as   shown    in 

'ig.  819,  are  used  to  pro- 

ide  such    a    lead   for  the 

'pes  as  will  not  tend  to  lift 

«  cars  off  the  tracks  in 

ming   onto    and   leaving 

e  top  of  the  incline.  When 

ey  are  set  overhead,  the 

nning-on   and    the    run- 

ng-off  ropes    both   come 

jm    the     under   sides  of 

e  drums  or  reels.      The 

e-sided  lead  of  the  ropes  pio.  sib. 

caused  by  the   gear-wheels,  for  these  make  them  turn 
opposite    directions.      These    drums    may  be    set  under 

5  tracks  at  the   head    of    the   incline    with   great    advan- 

je,  if  the  pitch  is  considerable  and  the  trains  and  ropes 

;  heavy.     Such  an  arrangement  prevents  the  excessive 

ading  of  the  ropes  in  passing  over  the  head-sheaves;  that 

the  ropes  running  off  the  tops  of  the  reels  when  set  under 

i  tracks  make  a  smaller  angle  with  the  line  uf  the  haulagc- 

le  than  when  one  of  the  ropes  comes  from  the  under  side 

the  drum.     The  advantage  of  these  reels,  then,  may  be 

mmarized  as  follows;     When  they  are  set  above  the  tracks, 

i  lead  of  the  ropes  is  never  tun  high,  and  when  they  are 

:  under  the  tracks  the  lead  of  the  ropes  running  on  and  off 

5  reels  is  never  too  low. 

The  necessity  of  using  deflecting  sheaves  is 
8-ii).  Here  two  deflecting  sheaves 
n  at  /■   and  £.      The  advantages  of 


2313>       1  ne    necessity 
linly  shown   in   Fig.   8in. 
ist  be  used,  as  sho"--'  "i 


MINE  HAULAGE. 

Wr 

\l  / 

[]l:: 

i 

i 


MINE  HAULAGE. 


15 


1^ 


t=l 


M 


lOved  sheaves,  s\ich  as  thpse  at  7%  /%  can  not  be  doubted, 
by  them  the  trains  on  steep  inclines  can  be  held  as  se- 
ely  with  the  brake  as  they  can  be  with  drums ;  however, 
damage  to  the  ropes,  in  suddenly  bending  them  round  com- 
atively  small  deflecting  sheaves,  must  not  be  overlooked 

i314«  The  grooved  wheels  seen  at  the  lower  portion  of 
figure  constitute  a  most  ingenious  device  for  holding 
vy  trains  on  an  incline.  To  understand, 
^ever,  the  importance  of  the  two  grooved 
5els  for  holding  or  hauling,  an  explanation 
heir  construction  and  mode  of  action  must 
made.     By  referring  to  Fig.  821,  it  will  be 

1  that  the  tread  of  the  periphery  of  the 
lel  is  made  semi-elliptical  in  section,  and  the 
i  is  made  to  run  on  at  the  high  side  of 

curve  r.     After  a  complete  coil  has  been 
le,  the  running-on  coil  and  the  coil  on  the 

of  it  begin  to  surge  down  onto  a  lesser 
neter;  consequently,  the  coils  are  always 
l^ng  over  towards  j,  or,  as  the  rope  runs  on, 
:eeps  gently  surging  or  fleeting  downwards 
il  it  at  last  begins  to  jam  on  the  other  side  of  the  curve, 
.t  ^,  the  place  at  which  the  rope  runs  off.  The  disad- 
tages  of  the  fleet-wheel  are,  that  the  surging  is  not  con- 
lous,  but  intermittent,  and  the  rope  jumps  and  thuds  and 
cks,  thus  causing  considerable  wear  and  tear.  When 
rope  runs  on,  it  is  arrested  by  the  flange  A,  and  presses 

produces  the  surging  or  fleeting  of  the  coil  on  the  left 
L  Sometimes,  however,  the  intermediate  coil  slips  down 
:>  the  middle  of  the  tread,  and  then  a  longer  interval 
>ses  before  the  coil  r  presses  against  the  flange  of  the 
lel  again,  when  another  knock  and  surge  takes  place,  and 
n,  continuously.     From  this,  it  is  clear  that  it  is  impos- 

2  to  run  a  rope  into  the  grooves  on  a  single  wheel,  for, 
r  two  or  three  revolutions,  the  rope  will  roll  up  against 
flange  and  jam  there,  so  that  the  adjacent  coils  can  not 
:  or  surge  away,  and  the  action  of  the  wheel  will  be 
sted.     Two  wheels,  however,  can  be  used  so  as  to  take 


Fig.  821. 
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the  place  of  one,  by  taking  seixiicircular  coils  round  each  of 
them,  or  using  the  two  wheels  like  belt-wheels.  This  con- 
verts the  coils  that  would  otherwise  envelop  a  single  drum 
into  belts  on  two  drums  in  such  a  way  that,  if  wc  denote  the 
wheels  by  A,  By  C,  and  A^,  B^,  Cj,  respectively,  the  rope  passes 
half  round  A^  and  from  A  to  A^;  then  from  A^  to 5,  and 
after  passing  half  round  B,  to  ^„  and  after  passing  round -fi,, 
to  C,  and  after  moving  half  round  C,  to  C^ ;  finally,  after  pass- 
ing half  round  C„  the  rope  proceeds  onwards  to  the  haulage. 

2315.  All  that  has  been  said  so  far  relative  to  a 
description  of  the  grooved  wheels  and  fleet-wheels  of  an 
endless-rope  haulage  is  important  and  worthy  of. attention, 
bat  there  are  other  things  that  should  be  known,  and  not 
the  least  of  these  is  the  following : 

When  ropes  are  coiled  around  surfaces  of  any  kind,  par* 
tjcularly  around  wheels,  what  is  called  the  Ao/d  or  grip  oi 
the  rope  increases  directly  as  the  square  of  the  number  of 
C(nls.  If  there  are  two  coils  on  a  fleet-wheel,  the  grip  ot 
hold  of  these  two  coils  is  4  times  that  of  one  coil,  and  i^ 
there  are  three  coils,  the  grip  is  9  times  that  of  a  single  coil- 
The  same  law  holds  true  with  the  grooved  wheels,  for, 
although  there  are  two  wheels,  three  half  coils  on  each  wheel 
are  equal  to  three  whole  coils  on  one.  Therefore,  when  the 
double  wheels  are  connected  by  rope  belts,  as  in  this  case, 
the  friction  obeys  the  same  law  as  that  of  complete  coils, 
and,  consequently,  the  two  w^heels  shown  in  Fig.  8*20,  hav- 
ing three  grooves  each,  secure  a  grip  or  haulage  power  of 
9  times  that  of  a  single  coil  round  one  wheel. 

23 1<^.  The  mechanical  appliances  for  the  successful 
working  of  self-acting  inclines,  such  as  reels,  grip-wheels, 
rollers,  switches,  brakes,  etc.,  etc.,  are  important  from  a 
purely  engineering  point  of  view,  and  the  best  of  these  in 
the  market  can  be  purchased  of  manufacturers  who  make  a 
specialty  of  them.  What  is  directly  important  to  the  mining 
engineer,  as  distinguished  from  the  mechanical  engineer,  is 
the  grading  of  the  mads  for  self-acting  inclines.  It  is  true 
that   what   is  required   to  be   dcme  is   of   a    comparatively 
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cmentary  character,  yet  the  principles  involved  must  be 
nderstood,  to  have  their  true  value  appreciated. 

231 7.  In  Fig.  822  ( T)  the  broken  line  shows  a  uniform 
rade  whose  angle  is  equal  to  B  A  C,  It  is  possible  that  this 
niform  grade  may  be  a  complete  failure,  because  the  weight 
f  the  descending  coal  may  not  be  sufficient  to  lift  the  weight 
i  the  long,  heavy  rope  and  overcome  the  friction  due  to  the 
Irum,  rollers,  rope,  and  cars,  and  yet  the  same  in-line  might 
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"^  made  a  complete  success  by  so  altering  the  grade  as  to 
?'<^e  it  an  increased  fall  at  the  top  and  a  reduced  fall  at  the 
^ttom.  For  example,  by  altering  the  uniform  grade  A  B 
^  the  varying  grade  A  E  D  By  the  gravity  power  of 
*^e  coal  is  increased  until  the  loaded  train  has  reached 
^^  point  D  and  the  empty  train  has  reached  the  point  E,  at 
^hich  position  they  will  have  sufficient  velocity  or  mo- 
mentum to  carry  them  to  the  point  of  parting.  Then,  as  the 
'ains  move  on,  the  rope  attached  to  the  full  cars  will  so 
ngthen  and  the  rope  attached  to  the  empty  cars  will  so 
orten  as  to  make  the  rope  not  only  move  by  its  own 
unterpoise,  but  to  make  it  also  assist  the  gravity  power  of 
B  coal.  Although  the  trains  have  acquired  such  a  high 
locity  as  to  run  the  empty  cars  from  D  up  to  B  and  the 
I  cars  from  E  to  A  by  their  inertia,  the  velocity  of 
5  empty  train,  on  reaching  B,  and  the  velocity  of  the  full 
e,  on  reaching  A^  is  so  low  as  to  require  no  brake-power 
unduly  strain  the  ropes.     From  this  it  will  be  noticed  that 
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to  make  the  grade  of  an  incline  successful  where  it  other- 
wise would  fail,  the  inclination  must  be  increased  at  the  top 
and  reduced  at  the  foot  of  the  incline. 

2318.  In  Fig.  822  (S)  is  shown  a  case  where  the  fall 
can  not  be  increased  immediately  from  the  top,  but  the  pitch 
is  sufficient  to  run  the  trains  a  considerable  distance  from 
the  foot  of  the  incline  C  on  a  dead  level.  Very  excellent 
work  may  be  done  in  this  way.  By  lengthening  the  run, 
the  length  and  weight  of  the  rope  are  correspondingly  in- 
creased. As  the  train  leaves  the  top,  it  is  prevented  from 
being  unduly  accelerated  at  the  first  portion  of  the  run;  as 
the  empty  train  must  run  a  considerable  distance  from  fio 
G  on  Si  dead  level,  the  momentum  acquired  becomes  suffi- 
cient to  run  the  full  train  at  the  end  of  the  run  along  the  level 
from  G  to  F,  and  to  run  the  empty  train  up  to  and  over  the 
top  //. 

2319.  The  manifest  drawback  to  the  extension  and 
rapid  action  of  self-acting  inclines  on  small  pitches  is  the 
weight  of  the  rope.  If  this  factor  could  be  eliminated,  it  is 
easy  to  see  that  the  incline  could  be  prolonged  indefinitely; 
and  it  so  happens  that  this  can  be  done  by  applying  the 
principle  of  the  endless-rope  haulage.  Inclined  planes  run 
by  an  endless  rope  have  been  successful  for  very  long  dis- 
tances on  the  surface,  and  in  some  cases  in  mines,  but  for 
local  or  secondary  haulage  in  certain  places,  jigging  with  a 
balance-car  will  be  found  verv  effective. 

2320.  A  description  of  the  mechanical  appliances 
necessary  in  fitting  up  a  self-acting  incline  is  only  important 
to  niinini^  students  in  so  far  as  their  mode  of  action  is  con- 
cerned. The  principles  of  their  construction  belong  t(;  the 
mechanical  engineer;  therefore,  it  is  only  necessary  that 
somewhat  brief  attention  should  be  drawn  to  them.  Be- 
ginning^ at  the  head  of  the  incline,  attention  is  first  called  to 
brakes.  These  arit  somewhat  varied  in  construction,  but 
the  mode  of  action  of  all  isalike.  There  are  only  two  general 
varieties ;  namely,  simple  brakes  for  inclines  of  small  pitch,  on 
which  the  cars  never  attain  a  very  high  velocity,  and  brakes 
tor  holding  greater  loads  on  greater  pitches,  where  thecals 
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ain  high  velocities.     A  brake  of  the  former  kind  is  shown 
Fig.  823.     Its  mode  of  action  is  that  of  a  friction-block 


I  as  is  found  on  railway  freight -cars.     The  blocks  c,  d  are 

cbed  to  upright  levers  a  and  b,  and  they  are  put  into  action 

.  series  of  levers  and 

,  (,  g,  k,j.  and  k.  The 

r  by  which  the  brake 

iplied  is  seen  at  t  m. 

:    example   is    fairly 

esentative  of  brakes 

3jrip-wheels  mounted 
standard  frame.     In 

es,  however,  the  grip- 
el    is    usually    fixed 

erneath    the   tracks. 

kes  of  greater  hold- 
power   are  required 

actines  of  high  pitch. 
a  representative  one 

ihown  in  Fig,  ^-i\. 
flange  of  the  brake- 
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wheel  is  seen  at  A,  and  is  surrounded  with  the  brake-strap 
which  connects  with  the  two  short  arms  of  the  lever  B.  A 
brake  of  this  kind  is  very  powerful,  and  will  hold  securely  a 
very  heavy  train. 

INCLINATION  OF  GRAVITY-PLANB8. 

2321.  For  gravity-planes  to  act  with  safety  and  econo- 
my, the  following  three  important  points  must  be  considered: 

1.  Where  the  pitch  is  considerable  and  the  length  is 
short,  only  a  minimum  number  of  cars  can  be  made  to  run 
in  a  train,  or  otherwise  a  heavy  and  expensive  rope  must 
be  used,  and  powerful  friction-brakes  are  required  to  hold 
the  trains  securely. 

2.  When  the  inclination  is  considerable,  and  the  plane  is  a 
•  long  one,  the  trains  must  be  made  larger  to  lift  the  heavy 

rope,  whose  increased  weight  is  due  to  the  relatively  great 
length  of  the  plane.  Under  these  circumstances,  a  powerful 
brake  is  indispensable,  because,  after  the  loaded  cars  have 
passed  the  parting,  the  weight  of  the  ropes  adds  consider- 
able to  the  gravity  of  the  coal,  and,  as  a  result,  a  powerful 
bi'ake  and  a  correspondingly  heavy  rope  are  recjuirtd. 

3.  When  the  inclination  of  a  gravity-plane  is  comparative- 
ly small,  long  trains  arc  imperatively  necessary;  and  even 
then  it  is  necessary  to  provide,  as  has  been  j)reviously  shown, 
an  increasetl  fall  from  the  top  of  the  incline  and  a  reduced 
grade  at  the  foot  of  the  incline,  to  run  off  the  work  with 
sufficient  velocity. 

2322.  Ciravity-])lanes  have  been  sources  of  so  much 
trouble  and  disappointment  to  those  engaged  in  makinj,' 
them  and  using  them,  that  it  is  necessary  that  the  under- 
lying principles  should  be  understood  to  avoid  such  mistakes 
as  sometimes  are  nKuU\  in  the  al)senceof  j^roper  knowledge, 
of  hou"  the  earth's  attraction  becomes  the  operative  forceou 
self-acting  inclines.  This  may  be  made  very  clear  by  a 
plain  statement  (tf  farts. 

First,  th(i  motive  {nrcr.  is  gentn*ated  by  something  falling, 
and  that  something  falling  '-i  the  coal   in  the  loaded  cars. 
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Second,  the  force  must  do  work  in  overcoming  two  kinds  of 
resistances;  namely,  the  friction  common  to  the  cars,  rollers, 
sheaves,  ropes,  and  coal,  and  the  lifting  of  the  weight  of  the 
rope  attached  to  the  empty  cars  at  the  commencement  of 
the  run.  The  lift  in  the  latter  case  increases  with  the  length 
of  the  plane,  and,  as  has  been  shown,  the  rope  may  become 
so  heavy  as  to  neutralize  or  counterpoise  the  weight  of  the 
falling  coal,  and  thereby  render  necessary  long  trains,  or  the 
abandonment  of  the  gravity-plane  and  the  Substitution  of 
power  haulage. 

2323.  It  is  essential  that  some  simple,  yet  important, 
calculations  should  be  made  to  determine  when  a  gravity- 
plane  will  be  safe  and  successful  in  doing  the  local  or  general 
haulage  in  a  mine.  The  calculations  referred  to  should  en- 
able the  student  to  find  two  results:  first,  the  minimum 
number  of  cars  in  a  train  that  will  run  with  sufficient  speed 
to  do  the  required  work,  and,  second,  the  maximum  length 
and  minimum  pitch  of  a  gravity-plane  that  will  act  efficiently. 

Before  proceeding,  however,  with  an  explanation  of  the 
niethods  of  making  the  required  calculations,  it  is  necessary 
that  the  student  should  understand  how  the  mechanical 
'Movements  of  the  power  and  the  work  are  related  to  each 
other. 

2324.  To  understand  this  matter,  the  following  general 
'efinitions  are  necessary : 

1.  The  forces  on  inclitics  arc  inversely  proportional  to  the 
^istances  through  which  they  move  for  a  given  amount  of 
^alL  For  example,  suppose  a  body  has  to  move  down  an 
icline  through  a  distance  of  100  feet  to  fall  a  vertical  dis- 
ince  of  8  feet;  then  the  force  required  tosupport  this  body 
1  the  incline  is  only  equal  to  eight  one-hundredths  of  its 
eight.  If  the  body  weighs  80  pounds,  the  force  is  yj-g-  X 
)  =:  6.4  pounds. 

2.  The  forces  on  inclines  tire  inversely  proportional  to  the 
nes  alofig  which  they  act  iclien  those  lines  are  parallel  to 
\e  direction  of  the  fnovements  of  the  balancing  bodies.     For 
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example,  in  ./,  Fig.  825,  the  body  or   weight  L   is  moving 
up    or   down    the    incline   a  d;    therefore,    the    force  that 

g  moves  it  is  acting  along  the 
line  ^//,  which  is  parallel  to 
a  b.  Again,  the  balance-weight 
IF  is  moving  in  a  line  r5,  and 
this  is  parallel  to  the  vertical 
line^^r.  Since  b  c  \^  one-half 
of  the  length  ab^xiL  weighs 
120  pounds,  W  must  weigh  60 

h  r 

pounds,  because  -j—  =  \,  This 

is  true  when  the  velocities  of 
b  c  and  b  a  are  equal,  and  when 
the  force  moving  L  is  parallel 
to  the  direction  in  which  L 
^^°- *^-  moves,  assuming  that  the  bal- 

ance-weight    W    falls    through   a   distance   equal    to  that 
through  which  the  load  L  moves  along  the  incline. 

Perhaps  matters  of  this  kind  are  better  understood  by 
contrasts;  therefore,  suppose  that  the  force  moving  the 
weight  L  does  not  act  along  a  line  that  is  i)arallel  V^ 
the  direction  in  whicli  the  load  moves.  In  ]\  Fig.  825, 
the  load  is  moving  from  d  to  <',  and  the  force   is  then  acting 

I 

along  the  line  /y.  The  force  then  acting  ah^ng  the  line /y 
must  be  grt^ater  than  the  force  acting  along  the  line^i^//  in 
the  diagram  A,  Ixn^ause  d  f  is  shorter  \.\\'<\\\d  i\  and  wckno\r 
that  the  for(H*s  in  tliiscase  are  inversely  proportional  l<»lbe 
lines  alon.i^  wliich  they  act.  (See  the  Inclinid  Plane  in 
Mechanics.)  Aij^ain,  if  the  load /.  is  in  the  position  x,  the 
weight  /r,  it  infinilc,  c^an  n<^t  move  the  load  higher  up  the 
inc^line,  because  the  forc^e  is  acting  through  a  cord  whose 
direction  makes  a  right  angle  with  the  direction  of  the  in* 
cline.  1'lierc'forc',  an  infinite  force  can  not  mc)ve  the  body, 
bec\iuse  tlie  reaction  nf  the  inc^line  is  as  great  as  the  acti(»n 
of  I  her  forc^c.  It  is  thus  seen  that  the  forces  on  inc^lines 
nnist  be  taken  as  acting  parallel  to  the  lines  along  which  the 
weights  or  forces  act. 
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3.  If  the  weights  arc  equal,  that  is,  if  the  weight  moving 
ilong  a  vertical  line  is  equal  to  the  one  moving  along  an 
ncline,  to  balance  each  other,  their  velocities  must  be  pro- 
portional to  the  lines  along  which  they  move;  that  is,  the 
reight  Z,  Fig.  825,  A^  will  have  to  move  from  a  to  d  in 
fie  same  time  that  IV moves  from  d  to  c, 

A  careful  study  of  these  three  definitions  will  remove  all 
erplexity  concerning  the  balancing  forces  on  an  incline. 

2325.  Above  all  other  considerations,  there  are  two 
lat  stand  out  in  bold  relief  in  relation  to  gravity-planes. 
'hese  are: 

1.  The  inclination  must  be  sufficient  for  trains  of  reason- 
ble  size  to  run  off  the  work. 

2.  There  must  be  a  sufficient  number  of  cars  in  a  train  on 
given  incline  to  overcome  the  weight  of  the  rope  on  a 

iven  length  of  plane. 

2326.  It  is  first  necessary  to  show  how  to  fmd  the 
umber  of  cars  in  a  train  under  the  given  conditions.  To 
take  the  reasoning  clear,  let  the  following  letters  represent 
le  given  and  required  values: 

U\  =  the  weight  in  pounds  of  the  descending  loaded  car; 

ll'\  =  the  weight  in  pounds  of  the  ascending  empty  car; 

IV^  =  the  weight  of  the  hauling-rope  in  pounds; 

a  =  the  percentage  of  the  grade  expressed  decimally, 
which  is  the  same  as  the  sine  of  the  angle  of  in- 
clination; 

■^   =  the  coefficient  of  friction ; 

IV  =  the  required  number  of  cars  in  a  train. 

The  force  required  to  overcome  the  resistance  due  to  the 

eight  of  the  rope  is  equal  to  a  ]J\. 

The  force  required  to  overcome  the  resistance  due  to  the 

•pe,  rollers,  and  drums  is  equal  to  -  -'. 
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.  Denoting  the  total  force  required  to  overcome  the  weight 
and  friction  of  the  rope  by  /',,  we  have 

F,  =  an\+^.  (197.) 

Example. — A  rope  2,000  feet  long  weighs  4.000  pounds,  and  the 
inclination  of  the  plane  on  which  it  is  used  is  equal  to  a  grade  of  8  per 
cent.     What  force  is  required  to  move  the  rope  ? 

Solution. — Applying  formula  lO?,  we  have 

F^  =  a  JV,  +  -^  =  (.as  X  4,000)  4-  ^  = 

420  pounds,  the  tractive  force  required. 

2327.     To  find  the  available  gravity  force  for  overcom - 

ing  the  required  tractive  force  of  the  rope,  observe  that  on^r-zr: 
a  self-acting  incline,  for  every  load  of  coal  two  cars  are  re —  -- 
quired,  and  as  the  cars  and  load  can  not  move  without  beint^"  __Z 
subject  to  the  resistance  of  friction,  the  following  equatioi=_  —  ^ 
expresses  the  amount  of  this  resistance: 

40       • 

Again,  as  the  cars  x  balance  each  other  on  an  incline, 
nothing  falls  but  the  load,  but  all  of  the  load  is  not  availabl 
for  overcoming  the  tractive  force  required  to  move  the  rope 
for  the  friction  due  to  the  cars  and  the  load  must  be  sub 
tract cd  fc<^^m  the  gravity  force  of  the  coal,  in  order  to  fine 
how  much  force  each  ])air  of  cars  can  supply  to  move  th 
rope. 

Dcnotiny;-  the  total  gravity  force  due  to  the  coal  by  Z^^,  we=^ 
have 

/'\=.a  (//;-  n\y        (i98.) 

Again,  denoting  the  available   gravity  force  due  to    th^ 
coal  ])y  /%  wc  have 

/•-  =u{U\-  J/;)  -  [—'^^')-         (199.) 

ExAMPLK. — A  jrravity-i)lane  has  a  grade  of  8  per  cent.;  it  is  2,000 
ft't't  in  Icngtli.  till?  rope  a  I  lac  lied  lo  the  empty  cars  at  the  foot  of  th© 
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Dcline  weighs  4,000  pounds,  a  loaded  car  weighs  4,000  pounds,  and  an 
njpty  one  weighs  1,800  pounds.  What  is  the  number  of  cars  that 
lust  run  in  a  train  to  overcome  the  resistance  of  the  rope  at  the  start 

f  the  run  ? 

Solution. — Applying  formula  197,  we  have 

IV*  4  000 

/;  =  ^^  /f ',  +  ?li  =  ( .  08  X  4 ,  000)  +  ^  = 

'  lb.,  the  force  required  to  move  the  rope. 
A.pplying  formula  1 99,  w^e  have 

.  ^(ir.-  ;r.)  _  ( '^\+  'f'^)  =  .08(4.000 - 1.800)-  <^'<^,-l;  ''^  ^ 

31  lb.,  the  available  gravity  force  due  to  one  pair  of  cars, 
therefore,  the  number  of  cars  that  must  run  in  a  train  is  equal  to 

.^'^>-^-40-)^r("*-^^'> 40— J=-3r  =  ^^-^-*-' 

or,  14  cars  in  a  train.     Ans. 

Example. — The  grade  of  an  incline  is  7  per  cent.,  the  length  of  the 

ine  is  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the  weight 

full  car  is  4,000  pounds,  and  that  of  an  empty  one  is  1,800  pounds. 

V  many  cars  must  there  be  in  a  train  for  the  plane  to  be  self-acting  ? 

tOLUTioN. — Applying  formula  197,  we  have 

/;  =  ^;K,  4--^  =  (.07  X4,000)  +  ^  = 
lb.,  the  tractive  force  required  for  the  rope, 
ipplying  formula  199,  we  have 

:  ^(  ^.  -  „.-.)  _  <  ^^- +  »^')  =  .07 (4.000  -  1.800)  -  ^^-"^^^  ^-^  = 

9  lb.,  the  available  force  of  the  load, 
'herefore,  the  number  of  cars  in  a  train  will  be  equal  to  *5<^  =  42|, 
3  cars.     Ans. 

XAMPLE. — The  grade  of  an  incline  is  6.6  percent,  the  length  of 
road  is  2,000  feet,  the  weight  of  the  rope  is  4,000  pounds,  the 
rht  of  a  loaded  car  is  4,(K)0  pounds,  and  that  of  an  empty  one  is 
)  pounds.  How  many  cars  must  there  be  in  a  train  for  this  incline 
B  self-acting  ? 

3LUTION. — Applying  formula  197,  we  have 

jr,  =  a  Jf,  +  ~'l~-  =  (.066  X  4,000)  4-  ^  = 
b..  the  tractive  lorce  required  for  the  ro^x;. 
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Applying  formula  199,  we  have 

r-          /ri'        fi'  X       (ff^i4-/r,)       ,^^,.™,     -  OrtAx      (4.000+1,800) 
f=:a(lli—li%) ^ =.066  X  (4,000—1.800)—  i ^ '= 

.2  lb.,  the  available  gravity  force  due  to  the  load 

864 

Therefore,  the    number  of  cars  in  a  train  is  equal  to  —5-  =  1,820^ 

cars.     Ans. 


It  is  plain,  however,  that  such  a  number  could  not 
made  to  act  in  practice,  for  observe  the  absurdities  involve 
in  a  case  like  this.  The  plane  is  only  2,000  feet  in  lengtJm^ 
and  if  the  cars  were  each  7  feet  long,  then  the  length  of  2 
train  of  cars  would  be  equal   to  1,820  X  7  =  12,740  feet, 

a  train  would  be    r^'      -  =  6.37  times  the  length  of  the  incline. 

2328.  The  self-acting  incline  that  must  next  engage 
attention  is  the  jig  system.  As  has  been  shown,  the  jig  or 
balance-carriage  runs  on  a  narrow-gauge  track  within  the 
car-track,  or  it  is  made  to  run  in  a  parallel  opening.  The 
weight  of  the  jig  is  equal  to  that  of  an  empty  car  plus  half 
the  weight  of  the  coal  a  full  car  carries.  The  result  is,  that 
when  a  loaded  (^ar  descends  the  incline,  only  half  the  weight 
of  the  (N)al  it  carries  is  available  for  gravity  force,  because 
the  other  half  of  the  weight  of  the  coal  does  the  gravity 
work  of  raising  the  jig.  The  excess  of  weight  in  the  jig 
does  the  work  of  raising  tlie  empty  car.  As  only  one-half 
of  the  weight  of  the  c(>al  does  gravity  work  during  the 
descent  of  the  t'oal,  and  the*  other  half  does  work  in  the 
hoisting  of  the  jig,  it  is  only  on  inclines  of  high  i)itch  and 
relatively  short  length  that  the  jig  system  can  be  adopted. 

ExAMi'u:. — The  fcrii<l<^  f*'r  'i  jJK  incline  is  20  per  cent.,  and  the  length 
of  the  road  is  !2(H)  leet.  The  wi'iglit  of  the  rope  per  foi>t  of  length  is 
1.2  pounds,  the  weight  of  a  full  lar  is  4, (MM)  pounds,  the  weip^iU  of  an 
cmpLy  one  is  1,S()(I  ])ounds.  and  the  weight  of  the  jig  is  2,i»()0  j>ounds 
Prove  that  this  jig  incline  can  not  be  self-acting. 

Solution'. — Applying  forniuLi  197, 

r,  r._-  .,  /r,  +  - '  ;   :  -  .2«»  CJ(M)  X  1.2)  +  r-':^^- -  r=  54  lb., 
the  resistanct;  to  be  overcome  in  nicn'ing  the  full  length  of  the  rope. 
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Consider  the  conditions  existing  when  the  loaded  car  is  at  the  top 
ind  the  jig  is  at  the  bottom  of  the  plane.  The  jig  can  be  considered 
s  an  empty  car  weighing  2,900  lb. ;  applying  formula  199, 

47.5  lb.,  the  available  gravity  force  at  the  descent  of  the  full  car. 

Therefore,  the  jig  incline  can  not  be  self-acting,  because  there  are 
a^ly  47.5  pounds  of  gravity  force  available  to  overcome  a  resistance  of 
I  pounds. 

One  thing,  however,  can  be  done,  and  that  is,  a  level  run 
'f  30  feet  can  be  made  at  the  foot  of  the  incline,  which  will 
JWe  the  loaded  car  on  the  one  hand  and  the  jig  on  the 
^ther  sufficient  force  to  overcome  the  initial  and  succeeding 
Resistance.  For,  at  the  start  of  the  run,  the  jig  or  the 
^mpty  car  does  not  offer  any  gravity  resistance,  since  it  is 
^n  the  level  run.  In  consequence,  the  gravity  force  is  in- 
leased  in  the  following  large  proportion:  The  weight  of 
the  jig  is  2, 000 pounds;  therefore,  a  force  of  .2  X  2,000=  580 
pounds  is  required,  apart  from  the  traction  due  to  friction, 
to  move  it  up  an  incline  having  a  20  per  cent,  grade.  Here, 
:hen,  can  be  seen  the  great  advantage  due  to  the  right 
nethodof  making  a  level  at  the  foot  of  an  incline  toneutral- 
ze  the  resistance  due  to  the  weight  of  the  rope  at  the  be- 
;inning  of  the  plane.  As  stated  before,  the  weight  of  a 
ig  is  usually  equal  to  the  weight  of  the  empty  car  plus  one- 
lalf  the  weight  of  the  coal  it  can  carry. 

Example. — A  self-acting  jig  incline  is  in  all  respects  the  same  as  the 
ist,  excepting  the  grade,  which  is  in  this  case  one  of  10  per  cent. 
*rove  that  it  will  be  self-acting  when  a  short  level  is  provided  for  the 
tart  of  the  jig  or  empty  car  before  it  begins  its  ascent. 

Solution. — Applying  formula  197, 

IV*  240 

/r,  =  «  JK,  +  ~  =  .  t  X  240  +  q^-  =  30  lb.  = 

he  resistance  to  be  overcome  in  moving  the  rope. 
Applying  formula  199, 

10  —  172.5  =  —  62.5  lb.  =  the  available  gravity  force  when  the  grade  is 
niform  to  the  bottom  of  the  incline.  This  negative  result  shows  that 
se  incline  can  not  act.     But  if  the  jig  commences  its  journey  for  the 
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ascent  of  the  incline  along  a  level,  the  resistance  due  to  the  ascent  of 
the  jig  is  reduced  by  .1  X  2,9(M)  =  21K)  lb. ;  hence,  (110  +  290)-  172.5  = 
2*27.5  lb.,  and  as  the  resistance  of  the  rojx?  due  to  gravity  and  frictioa 
is  only  80  lb.,  the  self-acting  jig  incline  will  act  most  efficiently, 
because,  after  allowance  has  been  made  for  all  resistances,  there 
remains  an  excess  of  force  equal  to  227.5  — oO=  197.5  lb. 

2329.  The  determination  of  the  size  of  a  rope  for  the 
working  of  a  self-acting  incline  is  best  done  by  first  assu* 
ming  that  a  rope  of  a  given  size  and  weight  Avill  answer,  and 
then  finding  the  tension  due  to  the  movement  of  the  rope.  If 
the  tension  found  is  too  much  for  the  rope,  then  a  heavier 
one  must  be  assumed  and  tested. 

Example. — Required  the  tension  in  a  rope  under  the  following 
conditions:  A  loaded  car  weighs  4,000  pounds,  an  empty  one  weighs 
1,800  pounds,  there  are  10  cars  in  a  train,  the  grade  is  one  of  8  p<;r 
cent.,  the  length  of  the  incline  is  1,900  feet,  and  the  weight  of  theroj* 
per  foot  of  length  is  1.2  |x>unds.  What  is  the  tension  in  the  rope  ai 
the  moment  the  loaded  trip  leaves  the  top  of  the  incline  ? 

Solution. — Let  7'  equal  the  tension  in  the  rope.     Then, 

y.^mn\  +  ir,)  ^  ^^^^^ ^^.^  ^  j^,^^ 

Ay) 
The  weight  of  the  rope  is  equal  to  ]l\  —  l,i)(H)  x  1-2  =  2,280  pounds. 

Then,  Tr.-.-  ^^-'   ,  ,    -^- —  '  4-.0M(lnx  l.S00a.2,2s0)=r-.2,129.41b.  Ans. 

As  the  workin^^  load  of  tin's  ])low-steol  rope  is  7  tons,  it 
a{)pc'ars  to  be  too  heavy,  but  really  the  jerking  strains  to 
which  siK^h  ropes  arc  subjected  render  it  necessary  that  the 
rope  should  be  7  times  as  stroni^  as  the  calculated  quiet  load. 


AUTOMATIC   S>VITCHES. 

2330.  Kverv  '^ravitv-i)hine  on  which  the  descending 
loaded  cars  raise  th(i  empty  ones  should  be  provided  with 
an  automatic  swit(^h  at  th(^  head  of  the  ])lane.  There  are 
two  i^(MUTal  tyj)cs  of  switches  for  this  purpose;  Ix^th  are 
called  automatic  s\\it(^hcs,  although,  strictly  si)eaking,  only 
one  is  automatic,  the  other  rt^fpiirini^  the  attention  of  the 
runner.  In  I'^i^'.  S'2<»  is  shown  an  automatic"  switch  consist- 
ing of  thr(^e  tonj,^aics  d^  l\  and  r,  j)ivoted  -to  the  rails 
as    shown.       To    the    tcMigue    a    is    hung    a    weight    ii\   in 
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sequence  of  which  it  is  always  kept  closed;  i,  c,  kept 
inst  rail  tf.  "With  the  tongues  arranged  as  shown 
he  figure,  the  loaded  cars  coming  from  track  A  force 
open  the  tongue  a,  as  shown  by  the 
dotted  lines,  and  pass  over  the  track 
Jl,  where  they  may  be  let  down  the 
incline,  the  tongue  being  closed  by 
the  weight  -n'  after  the  cars  pass  over. 
The  cars  coming  up  the  slope  on 
empty  track  C  open  the  tongue  c  and 
close  tongue  ^,  as  shown  by  the  dotted 
lines.  These  tongues  always  remain 
in  the  position  placed  by  the  last  train 
of  empty  cars  run  over  them.  On  the 
next  trip,  the  loaded  cars  from  track 
A  pass  over  to  track  C,  where  they 
may  again  be  let  down  the  slope,  and 
the  empty  cars  coming  up  the  slope 
on  track  B  move  the  tongues  d  and  c 
to  their  original  position,  and  pass 
S6  on  to  track  D.  The  above  opeia- 
tion  is  then  repeated,  the  loaded  cai-s 
taking  alternately  the  tracks  £  and 
C,  and  the  empty  ones  always  the 
track  D. 


2331.     In  those  gravity-planes  iw 

which  three  rails  are  used  from    the 

head    of    the    slope    to    the    parting, 

and   only   two   from  the   end  of   the 

parting,    an   automatic    switch   must 

fbe    placed    at    the    Junction    where 

the  two  rails  unite  with  the  parting. 

In   Fig.  H3T  is   shown   an   automatic 

ch,  which   may   be   used  at  such   a  place.      Here  two 

lers.'I  andy?,  pointed  at  tlic  ends  and  bound  with  iron, 

pivoted  at  C  and  7),    respcc lively,   in    such    a  manner 

they   may  move   freely   over   the  tops  of   the   rails. 
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Wilh  the  timbers  in  the  jxtsition  shown,  the  empty  cars 
coming  along  track  f.  will  be  pulled  tip  tlie  slqw  on 
ick  /■',  while  the  desi-eod- 
j  loaded  cars  coming 
down  the  slope  on  track  G 
will  shift  the  timbers  ov«r 
:  rails  to  the  position 
'  shown  in  dotted  lines,  and 
go  along  track  £.  At  the 
next  trip  the  empty  cars 
coming  along  track  E  will  be  pulled  up  the  slope  on  track  (7, 
while  the  descending  loaded  cars  coming  down  the  slope  on 
track  F  again  shift  the  timbers  to  their  original  position. 
The  above  operation  is  then  repeated,  the  empty  cars  being 
pulled  alternately  up  the  tracks  /''and  G.  Blocks  of  wood 
or  iron  a,  a,  a  are  securely  fastened  to  the  ties,  to  prevent 
the  timbers  from  moving  too  far;  the  timbers  being  thus 
blocked,  serve  for  guide-rails,  to  guide  the  wheels  of  the  cars 
to  their  respective  tracks. 

HAFBTY-IILOCKS. 

2;i32.  At  Ihr.  head  ■  if  the  slope  near  the  brink  on  all 
gravity-i)liiiies  slmulil  he  placed  an  arrangement  called  a 
siifut>--l>lock,  f<ir  pri-vcntiiig  the  cars  from  descending  the 
plane  before  ihcy  ;ire  properly  attached  to  the  rope.  There 
are  various  forms  of  thesi;  lilocks  in  use,  differing  in  con- 
strmtion  of  their  details,  hut  representing  only  one  prin- 
ciple in  all;  namely,  th^tl  of  providing  an  obstruction,  eilhiT 
over  tlie  rails  or  in  the  center  of  the  track,  to  prevent  the 
cars  fr<itn  passing;,  and  of  removing  this  obstruction  ntun 
the  cars  are  In  W-  let  .l.^ivii  the  slope. 

2333.  One  ..f  ilie  best  l"orms  of  safcty-bh.cks  is  shown 
in  Fig.  8-,>S,  in  which  .  I  and  Ji  are  two  timbers  pivoted  at  t 
and  /',  n-s|.eeiively.  The  end  of  ea.h  tiiubcr  is  shaj.ed  a^ 
shown,  and  irnri-lmuiiil.  Directly  in  the  center  between 
these  timbers  i-;  fastened  an  ir..n  ])latc  /;  having  a  slot  in  it 
thn.ugh  which  ilie  vertical  part  A  of  the  rod  (7  maybe 
moved  back  and  furih.      The  limbers  .rl  and  Vj  are  connected 
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by  two  wrought-iron  links//  and  /,  which  form  a  toggle- 
joint,  as  shown.  The  ends  of  these  links,  meeting  in  the 
center,  are  fastened  to  the  end  of  the  rod  F  projecting  up 
through  the  slot  in  the  piate  }■..  J,  J  are  wrought-iron 
levers  placed  on  the  outer  sides  of  the  track  close  to  the 
rails.  These  levers  are  pivoted  at  A',  and  are  connected 
together  by  a  rod  L,  at  the  center  of  which  the  rod  G  is  so 
fastened  that  when  either  of  the  levers  is  moved  the  other 
moves  with  it.  The  operation  of  this  arrangement  may  be 
eiplained  thus:  With  the  timbers  in  the  position  shown,  a 
train  of  loaded  cars  coming  along  track  M  takes  track  N, 


^      -  --r^^' 

I 

\, 

,i-Tr^;23r-" 

and  goes  along  until  the  wheel  ()ri  the  inner  rail  of  the  front 
car  strikes  the  timber  B.  After  the  ri>pe  has  been  attached 
to  the  cars,  the  runner  shifts  either  one  of  the  levers  J  to 
the  positiony ,  shown  by  the  dotted  lines.  In  doing  this,  the 
rod  G  is  pulled  to  the  left,  the  vertical  part  /'"of  it  sliding 
in  the  slot  of  the  plate  E  to  the  left  also,  which  causes  the 
ends  of  the  links //and  /fastened  to  it  logo  with  it,  thereby 
causing  the  blocks  A  and  />  to  take  the  position  shown  by 
the  dotted  lines.  The  tracks  being  thus  freed,  the  ears  may 
be  let  down  the  sloije.  The  empty  ears  coming  w\t  the 
plane  on  track  O  pass  along  until  the  first  ear  reaches  the 
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lever  y  on  the  outside  of  this  track,  which  is  now  in  the  posi- 
tion y  shown  by  the  dotted  lines,  and  moves  it  to  itsoriginal 
position  y,  in  passing  to  track  J/,  thereby  again  placing  the 
timbers  A  and  B  over  the  tracks.  On  the  next  trip,  the 
loaded  cars  coming  along  track  M  take  track  (?,  and  are 
prevented  from  descending  the  slope  by  the  timbers  being 
placed  over  the  inner  rails  by  the  last  train  of  empty  cars. 
After  the  rope  has  been  fastened,  the  timbers  are  again 
moved  to  the  dotted  position  by  one  of  the  levers y,  and  the 
cars  may  then  be  let  dawn  the  slope.  The  empty  cars  com- 
ing up  this  time  on  track  iV  pass  along  until  the  front  car 
reaches  the  lever  /  on  the  outside  of  this  track,  which  is 
again  in  the  position  J'  shown  by  the  dotted  lines,  and 
moves  it  to  its  original  position  in  passing  to  track  J/, 
thereby  again  placing  the  timbers  A  and  B  over  the  tracks. 
This  operation  is  repeated  every  trip,  the  empty  cars  coming 
up  the  plane  and  automatically  placing  the  timbers  over  the 
rails,  to  prevent  the  loaded  ones  from  descending  the  plane. 

2334.  In  Fig.  8'20  is  shown  another  good  form  of  a 
s?.fety-bl<)ck,  consisting  of  a  heavy  wrought-iron  bar  A 
fi.'nily  keyed  on  a  shaft  7>\  that  is  held  in  position  by  the 
bearings  Cy  Cy  which  are  bolted  to  suital)le  supports.  The 
top  of  the  front  end  (7  of  the  bar  is  inclined,  as  shown  in 
the  figure,  and  is  caused  by  the  weight  Jf'to  project  up  in 
the  center  of  the  tra(^k  to  such  a  height  that  it  will  strike 
the  axle  oi  the  cars,  tliis  lit^ij^ht  being  governed  by  the  tim- 
ber //.  Atone  end  of  the  shaft  7)  is  keyed  a  lever  I)  (placed 
at  one  side  of  the  trac^k)  by  which  the  block  is  operated. 
One  of  the  blocks  is  phnx^l  in  the  center  of  each  track. 
With  the  tongues  of  the  switch  in  the  position  shown,  the 
loaded  cars  coining  ah^ig  track  /:  take  track  /%  and  run 
along  it  until  the  front  axle  of  the  first  car  strikes  the  pro- 
jecting part  (7  of  the  bar  ./.  After  the  rope  has  been 
attached  to  the  cars,  the  lever  /^  is  pulled  to  the  right, 
which  clauses  the  projcctiiiiL^  part  (7  to  swing  down,  when  the 
(^ars  may  ])e  let  down  the  slope.  The  j^rojecting  part  a 
should  b(i  held  down  until  all  the  cars  have  passed  over  it 
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r  D  is  then  released,  and  the  part  a  is  again  brought 
ts  proper  height  by  the  weight  ()''.  The  train  of 
ars  coming  up  the  slope  on  track  G  finds  the  block 
x>sition  shown,  the  axles  forcing  the  projection  a 
hich  may  be  readily  done,  since  it  is  inclined,  and 
in  passes  over  to  track  E.  After  the  cars  have 
)ver_it,  the  projection  a  is  again  brought  up  by  the 
WXp  its  original  position,  as  shown.  On  the  next 
;  loaded  cars  coming  along  track  E  will  run  along 
until  the  front  axle  of  the  first  car  strikes  the  pro- 
%,  and  may  then  be  lowered    after  the  ropes  have 


tened  to  them,  by  pulling  the  lever  D'  to  the  right, 
ling  it  until  the  last  car  has  passed  down  the  plane. 
pty  cars  this  time,  after  coming. up  the  plane  on 
and  depressing  the  projection  a  as  before,  passalong 
,  after  which  the  projection  a  is  again  brought  to 
nal  position  by  the  weight  W.  This  operation  is 
eated,  the  loaded  cars  being  let  down  the  slope  alter- 
n  each  track  by  pulling  either  the  lever  D  or  D' ,  and 
ity  cars  coming  up  the  slope  depressing  the  projec- 
When  this  block  is  u^^cd.  it  is  impossible  for  the  cars 
at  the  head  of  the  slnpc  to  run  down  the  plane 
the  will  of  the  operator,  since  ihey  are  always  in  the 
tosition  to  prevent  the  cars  from  passing. 
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2335.     In  Fig.  830  is  shown  another  safety-block  which 
may  be  used  on  gravity-planes  Avhere  light  loads  are  run. 
This  consists  of  two  iron-bound  timbers  A  and  B,  pivoted  at 
C  and  D,  respectively,  in  such  a  manner  that  the  timber  A 
can  be  swung  over  the  top  of  the  rail.     One  of  these  blocks 
is  used  for  each  track.     With  the  timbers  in  the  position 
shown,  a  loaded  car  coming  along  track  £  will  be  prevented 
from  descending  the  plane.     After  the  rope  has  been  fast- 
ened to  the  cars,  the  timber  B  is  swung  to  one  side,  so  as 
allow  A   to  take  the  position  shown  by  the  dotted  line 
The  empty  cars  coming  up  the  plane  on  track  F  find  t 


tim])crs  in  the  ])()siti<)n  shown  on  that  track,  and  pass  along, 
after  whic  h  the  timber  ./'  is  swung  over  the  track,  and  is 
locked  bv  the  timber  J!\  as  shown  bv  the  dotted  lines.  On 
the  next  trij)  the  loadecl  ears  coming  along  track  7-^  this  tinu^ 
find  the  track  closed.  After  the  rope  has  been  fastened  to  the 
cars,  tlie  timber  Ji'  is  swunj^  over,  and  the  cars  are  let  down 
the  sl<)|)e,  the  timber  ./'  being  moved  by  the  wheels  to  its 
original  position.  The  emj)ty  c\ars  coming  up  the  slope  on 
track  /:'  Inid  the  timl)ers  A  and  />  in  the  position  shown  by 
the  (lotteil  lines,  and  pass  along,  after  which  the  timbers  J 
and  />  are  attain  placed  in  their  original  j)osition  by  the  run- 
ner. Tliis  ojx-rat  ion  i^  the!i  repeat("d,  locking  and  unlocking 
the  blocks  on  each  track  alternately. 

2336.      At    the    foot    of  the    gravity-i)lanes    before   de- 
scribed there  should   be   a   slightly  inclined  surface   for  the 
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iception  of  the  cars  after  they  have  descended  the  plane, 
lecars  being  prevented  from  running  along  the  surface  by 
•ragging  the  wheels.  If  they  are  to  be  run  in  a  tipple, 
e  first  car  may  be  uncoupled  and  the  sprags  removed, 
*reby  letting  the  car  run  along  the  track  by  gravity  to 
J  tipple.  Instead  of  doing  this,  the  safety-block  shown 
Pig.  831   may  be  used,  which  is  entirely  similar  to  that 


Pig.  881. 

strated  in  Fig.  829,  except  that  the  short  end  of  the  lever 

is  not  inclined  as  shown  in  Fig.  820.     With  this  arrange- 

tit,  after   the   cars  have  descended  the  plane  and  been 

agged,  they  are  uncoupled  and  the  sprags  are  removed, 

reby  letting  them  run  along  the  track  by  gravity  until 

front  axle  of  the  first  car  strikes  the  projecting  part  of 

bar  A.     When  a  car  is  to  be  run  on  the  tipple,  the  lever 

s  pulled  to  the  right,  thereby  swinging  the  bar  A,  the 

jecting  curved  part  clearing  the  axles,  and  the  car  passes. 

er  the  rear  axle  has  passed  over  the  projecting  part  of  the 

Ay  the  lever  D  is  released,  and  the  weight  [T' falls  down 

raises  the  projecting  curved  part  to  its  original  position 

24—27 
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before  the  axle  of  the  next  car  strikes  it.  With  this  arrange- 
ment, the  cars  can  be  allowed  to  run  to  the  tipple  as  required, 
it  being  very  easy  to  handle,  and  simple  in  construction. 

2337.  As  a  safeguard  against  life  and  property,  every 
inclined  plane  should  be  provided  with  some  kind  of  an 
arrangement  to  prevent  the  cars  from  descending  to  the 
bottom  of  the  slope  in  case  the  rope  breaks.     The  arrange- 
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lentM  in  Rein;ral  use  lor  this  pur|H)si;  are  very  crude,  either 
"I'l'iiiK  '1"^  <;irs  cuLnini;  down  the  sihpe,  or  switching  them 
IT  and  thrnwiii,;^  thc^in  fnim  the  track.  In  Fig,  SS"!  is 
Tjwn  an  arrangement  railed  a  Nnfety-lnck  used  for  stop- 
ing  the  cars.  This  oiisists  of  twci  timbers,-)  and  /!  jilaced 
ti  the  untside  of  the  tnirk,  havin-t  their  front  ends  pointed 
lid  irnn-hnuiid.  an<!    pivoted   at   C  and   /?,  respectively,  in 
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ed   ends   m.iy  lie 
■  f  each    timbc 


is   fastened  a 
ne   leg  of  the 
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l-crank  /%  to  the  other  leg  of  which  a  weight  IV  is  hung, 
ich  causes  each  timber  to  always  take  the  position  shown 
:he  figure.  To  the  other  end  of  each  timber  are  fastened 
chains  G.  Each  end  of  these  chains  is  connected  to  one 
of  the  bell-crank  //,  the  chain  which  is  fastened  to  the 
iber  B  being  led  over  the  wheel  /,  which  is  securely 
tened  to  the  ties,  and  then  led  under  the  rails  to  the  bell- 
nk  H,  To  the  other  leg  of  the  bell-crank  //"is  connected 
rire  y,  which  is  led  to  the  head  of  the  slope,  where  it 
Y  be  pulled  by  the  runner.  The  operation  of  this  may 
explained  thus:  Upon  the  rope  breaking  and  the  cars 
ning  down  the  slope,  the  runner  at  the  head  of  the  plane 
Is  the  wirey,  which  causes  the  bell-crank  H  to  swing  the 
ited  ends  of  the  timbers  A  and  B  over  the  rails  into  the 
ition  shown  by  the  dotted  lines.  The  wheels  of  the  cars, 
n  reaching  this  point,  strike  the  timbers,  and  a  general 
ish-up  follows.  It  can  well  be  supposed  that  this  lock 
it  be  repaired  after  each  time  it  has  been  in  use. 


338*  An  arrangement  for  switching  the  cars  off  the 
k  is  shown  in  Fig.  833,  in  which  two  tongues  A  and  B  are 
;ed  as  shown  and  fastened  to  a 
in  C,  one  end  of  which  is  con- 
:ed  to  one  leg  of  the  bell-crank  /), 
ing  a  weight  W  hung  to  the 
jr  leg,  which  causes  the  tongues 
ilways  take  the  position  shown. 

other  end  of  the  chain  C  is  led 
md  the  pulley  £,  which  is  fast- 
i  to  the  cross-tie,  and  is  at- 
led  to  a  wire  F  led  to  the  head  w 
:he  plane.  This  arrangement 
its  of  the  empty  cars  being  run 
he  slope,  since  the  wheels  force 
•  the  tongues  A  and  />  to  the 
tion  shown  in  dotted  lines. 
;n  the  loaded  cars  come  down 

slope,    the   tongues  yl    and   B  pxo.  881 
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must  be  pulled  over  by  the  wire  /'to  the  position  shown  by 
the  dotted  lines,  so  that  the  cars  may  pass.  In  case  the  rope 
breaks  at  any  point  above  the  switch,  the  wire  F  is  not 
pulled,  since  the  tongues  are  always  in  position,  or  closed,  so 
that  the  runaway  cars  will  be  switched  off  to  one  side.  This 
arrangement  possesses  the  property  of  always  being  set  to 
switch  the  runaway  cars  off  the  track;  but  this  is  done  at 
the  expense  of  an  extra  amount  of  labor  on  the  part  of  the 
runner,  as  he  must  pull  the  wire  F,  in  order  to  open  the 
switch  when  the  descending  cars  reach  it,  for,  othemse, 
they  would  be  switched  to  one  side. 


ENGINE-PLANES. 


GBNBRAL  DB8CRIPTION. 

2339.  This  is  a  system  of  haulage  that  is  adopted  on 
inclined  roads  where  the  pitch  is  just  sufficient  to  run  the 
trains  down  grade  with  the  hauling-rope  attached,  or  where 
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the  (lirrctimi  of  the  piidi  is  siirli  that  the    loaded  cars  must 
be  hauled  up  grade.      JJy  referenee  to  .i,  Fig.  S34,  the  direc- 
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tion  of  the  pitch  is  such  that  the  trains  must  be  hauled  up 
grade,  whereas  in  ^the  loaded  cars  must  be  lowered,  because 
the  direction  of  the  pitch  is  down  grade.     HeiTce  in  A  the 
hauling-engine  is  located  at  the  shaft,   whereas  in  B  the 
engine  is  located  either  at  head  of  the  incline  or  at  the  shaft. 
In  the  latter  case,  the  rope  is  conducted  along  one  side  of  the 
track,  and  carried  round  a  return  sheave,  as  shown  in  Fig. 
835.     In  C,  Fig.  834,  the  hauling  is  done  on  two  reverse  in- 
clines; consequently,  the  engine  must  be  placed  at  the  highest 
elevation  of  the  inclined  roads. 

2340.  Fig.  834  shows  three  distinct  classes  of  engine- 
planes:  (1)  Those  on  which  the  loaded  cars  are  hauled  up 
grade  by  the  engine,  and  the  empty  cars  are  run  back  by 
gravity,  as  in  ^,  where  the  full  trains  are  hauled  upgrade 
from  b  to  a,  and  the  empty  cars  are  run  back  from  a  to  d. 
(^)  Those  on  which  the  loaded  train  runs  down  an  easy 
8rrade,  hauling  the  rope  with  it,  and  where  the  empty  train 
^Ust  be  hauled  up  grade  with  the  engine.  (3)  Those  on 
^hich  the  engine  is  located  at  the  head  of  two  reversely  in- 
clined roads,  as  in  C,  In  the  latter  case,  the  engine  hauls 
^'^e  loaded  trains  up  grade  from  //  to  ^,  and  then  the  loaded 
^^^ins  proceed  down  grade  by  gravity  from  /  to  e,  and  the 
^^pty  trains  are  hauled  up  grade  from  r  to  /"  by  the  engine, 
^^d  then  run  down  grade  from  ^  to  //  by  gravity. 

2341.  In  mine  haulage,  engine-planes  of  the  character 

^l^own  in  C,  Fig.  834,  are  found  to  furnish  the  best  possible 

Results,  for  where  the  seam  is  undulating  the  reverse  inclines 

^re  found  to  supply  excellent  conditions  for  long  haulage  to 

^  done  cheaply  and  expeditiously,  because  the  engine  can 

be  located  at  the  highest  point  between  the  two  inclines.     If 

the  run  from  the  shaft  to  the  engine  is  a  mile,  and  that  from 

the  engine  to  the  foot  of  the  incline  ^  /i  is  half  a  mile,  one 

drum  and  one  rope  can  be  made  to  run  the  empty  cars  first 

from  the  shaft  to  the  engine,  and,  second,  to  lower  the  cars 

from  the  engine  to  the  foot  of  the  down-grade  incline  ^  //. 

In  short,  a  pair  of  reverse  inclines  can  be  made  to  obviate 

the  necessity  of  the  use  of  a  tail-rope. 
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Z^^Zm  There  are  two  cases  in  which  the  engine-plane 
is  superior  to  all  other  systems.  They  are:  (1)  where  the 
seam  is  pitching  heavily  from  the  shaft,  for  then  no  type  of 
locomotive  can  be  used  to  do  the  haulage  as  cheaply  and 
quickly;  (2)  when  the  road  passes  over  two  reverse  in- 
clines, where,  however,  the  pitch  from  or  to  the  shaft  is 
small  or  just  sufficient  to  run  the  train  back  with  the  rope ; 
then  locomotive  haulage  can  sometimes  be  adopted  with 
better  results.  Fig.  836  is  a  good  illustration  of  an  engine- 
plane  haulage  to  the  shaft,  and  shows  in  plan  where  the 
engrine  is  located  with  reference  to  the  lead  or  line  of  the 
rc>p>e. 


In  some  of  the  later  installations  of  engine-plane 
li3.ialage,  the  engine  is  not  located  in  the  mine,  but  on  the 
siiirface,  and  the  haulage-rope  is  conducted  down  the  shaft, 
or   down  a  bore-hole  made  for  the  purpose.     Fig.  837  sup- 
plies a  good  illustration  of  how  the  hauling-engine  may  be 
looated  at  the  top  of  an  incline  for  upward  haulage ;    but 
tWis  is  a  surface  arrangement,  and  has  attached  to  it  an  ap- 
pliance that  is  seldom  required  in  a  mine.     However,  as  it 
IS     used   in   connection  with   mine-surface    appliances,  and 
sometimes  on  slopes,  it  is  here  considered  worthy  of  notice. 
The  device  in  question  is  the  barney  or  truck  M  seen  be- 
*^m<i  the  full  car  that  has  just  arrived  at  the  top  of  the  engine- 
plane.     The  barney  is  a  little  car  that  runs  on  rails  set  be- 
tween the  rails  of  the  coal-car.     The  rope  is  attached  to  the 
^^rney,  which  is  thus  used  to  push  the  full  car  up  the  in- 
^*ine  in  front  of  it,  so  that  when  the  full  car  reaches  the  top 
^     ^he  incline,  it  can  run  away  by   means  of  its  inertia. 
Srain,  when  the  empty  car  reaches  the  foot  of  the  incline  at 
»  the  barney  dips  down  into  the  little  pit  at  N,  and  becomes 
^^^^Hgaged  from  the  empty  car,  which,  by  the  inertia  ac- 
Huir^jj  by  the  velocity  due  to  its  descent,  runs  into  a  parting 
^llow  the  next  full  car  to  run  over  the  barney.     When 
engine  starts,  the  barney  rises  out  of  the  pit  and  bumps 
S^inst  the  full  car  as  before. 
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2344.  Before  considerint^  the  numerical  calculations 
concerning  engine-planes,  some  other  matters  of  detail  in 
the  working  of  the  tracks  must  be  noticed.     For  example, 


where  curves  occur  the  guide-sheaves  for  the  rope  are  so  set 
WLlhin  the  rails  that  the  rope  is  made  to  run  in  the  middle  of 
the  track,  as  in  Fig.  838;  or,  if  it  is  desirable  to  use  larger 


sheaves  that  will  not  damage  or  strain  the  rope  by  sharp 
hends,  the  sheaves  are  sometimes  set  on  the  side  of  the  track 
that  corresponds  to  the  inside  of  the  curve,  as  in  Fig.  8:19. 

2345.  The  drag-bar,  or  back-set,  shown  in  Figs.  840  and 
811,  is  a  provision  made  for  safety  during  the  ascent  of  heavy 
trains  on  engine-planes. 

In  the  event  of  a  broken  rope,  this  prevents  the  train 


""^ 


Fio.  840.  Fig.  mi. 

from   running  back,  and  by  this  means  tlie  damage  that 
would  otherwise  occur  is  prevented. 

A  loose  drag-bar  is  shown    in   Fig.  840.      It  is  simply  a 
strong  iron  bar  hooked  to  the  rear  of  the  last  car  in  the 
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train.     Its  mode  of  operation  is  as  follows:    As  the  traiti 
runs  up  the  incline,  the  bar  trails  over  the  ground.     Shoti  W 
the  rope  or  one  of  the  coupling-chains  break,  it  sticks  irfc-  ^^ 
the  ground  and  prevents  the  train  from  running  back.    T  ^^ 
drag-bar  shown  in  Fig.  841  is  the  same  in  character  as  th»-  ^^ 
shown  in  Fig.  840,  except  that  it  is  prevented  from  traili  :«^g 
and  knocking  against  the  rollers  on  the  ascent  of  the  tra»  n, 
being  suspended  by  the  chain  J/,  one  end  of  which  is  attach,  -^d 
loosely  to  a  bent  hook,  which  has  the  shape  shown  by  t  ^e 
dotted  lines.     A  second  hook  fits  over  the  end  of  the  fiKr"St 
one,  and  the  weight  of  the  bar  straightens  the  chain  whi  ^h 
supports  it  by  means  of  the  two  hooks.     In  case  of  accider^it, 
the  bar  is  dropped  to  the  ground  by  the  train-rider  pullix^g 
the  rope  which  is  attached  to  the  smaller  hook  on  the  riglit. 
This  pulls  the  smaller  hook  over  the  projection  on  the  er^d 
of  the  bent  hook,  thereby  causing  the  latter  to  slip  througT^ 
the  end  link  of  the  chain,  and  take  the  position  shown  t>y 
the  dotted  lines.     This  action  releases  the  bar,  which  there- 
upon falls  and  digs  into  the  ground. 

2346.  In  a  large  mine  there  can  not  be  a  main  haulage 
for  which  all  the  loaded  cars  are  gathered  at  one  station. 
Since  this  is  the  case,  not  only  must  the  system  of  the  main 
haulage  be  modified  so  as  to  run  the  work  off  from  different 
stations,  but  sometimes  a  system  that  appears  in  all  respects 
the  best  for  the  grades  of  the  main  haulage-roads  must  be 
abandoned  for  another  that  will  allow  the  gathcring-up 
stations  to  be  located  nearer  to  the  working  faces.  Fig.  S4'3 
furnishes  su(^h  a  case.  Here  the  head  of  the  engine-plane  is 
at  the  sliaft,  and  tlie  p^athering-up  stations  are  located  at 
the  entrance  to  the  side  entries.  If  the  latter  arc  driven 
along  tlie  strike  of  the  seam,  as  they  hapj)en  to  be  in  this 
case,  the  main  haukijj^e  is  made  to  reach  no  farther  than 
where  the  main  rope  is  taking  hold  of  the  two  full  cars  at  B. 
It  is  clear,  tlien,  tliat  the  eni^ine-])lane  haulage  here  adopted 
is  an  exj)ensive  one.  To  avoid  expense,  either  the  side 
entries  should  l)e  driven  on  a  i)itch  sufficient  to  allow  the 
trains  to  run  to  gathering-up  stations,  nearer  the  working 
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i,  or  another  system  of  haulage,  such  as  main  and  tail 
,  or  endless  rope,  should  be  adopted  to  reduce  the  cost  of 
and  expensive  local  haulage.     Cases  no  doubt  occur  in 
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h  the  side  entries  are  so  short  that  the  main  and  local 
ige  here  shown  would  do,  but  they  arc  exceptional, 

147.  In  engine-plane  haulage,  it  is  important  that 
s  of  reasonable  length  be  run;  otherwise  a  greater  num- 
{  cars  are  required  than  it  is  prudent  to  use  for  the  out- 
The  number  of  cars  in  a  train  should  not  exceed 
f,  and  the  grade  should  not  be  less  than  3  per  cent,  to 
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attain  an  average  speed  of  10  miles  an  hour  when  runnii 
back.  A  train  of  empty  cars  in  good  working  order,  ai 
running  on  a  good  track,  will  acquire  a  good  speed  on  a  pit" 
of  2.25  per  cent.,  and  a  train  of  full  cars  under  the  sar 
conditions  v/ill  run  at  a  good  speed  on  a  pitch  of  2  per  cen  ' 
but  for  all-around  good  work,  a  pitch  of  3  per  cent,  is  t 
most  reliable,  and,  therefore,  should  be  the  minimum. 


CALCULATIONS  FOR  HNGINB-PLANB  HAULAGE. 

2348.  To  find  the  tension  in  the  haulage-rope  whe 
the  inclination  of  the  road,  the  length  and  weight  of  th 
rope,  the  number  and  weight  of  the  cars,  and  the  coefficien 
of  traction  are  given,  proceed  as  follows:  First,  find  tht 
traction  due  to  the  friction  of  the  weights  of  the  cars,  coal 
and  rope  as  follows:  Divide  the  sum  of  the  weights  of  th( 
cars,  coal,  and  rope  by  40,  the  latter  number  being  the  co 
efficient  of  traction  due  to  friction.  Second,  to  find  the 
traction  required  for  the  gravity  due  to  the  incline,  multi 
ply  the  sum  of  the  weights  of  the  car,  coal,  and  rnpe  b\ 
the  per  cent,  of  grade,  and  the  j)roduct  is  the  traction  re 
quired  for  gravity.  To  find  the  total  force  re(|uired  f«'i 
traction,  or  lh(»  tension  in  ihehauling-rope,  add  the  traction 
due  to  friction  to  tlic^  traction  due  to  gravity,  and  the  sum 
is  the  tension  in  the  liauling-rope.  What  has  been  here  said 
can  be  shown  by  a  formula. 

Let  If—  the  total  wcit^lit  of  the  train; 
7i'  :  -  the  weii^ht  of  the  rope; 
C  ---  :jV  =  ^^^^  ^  <)efii(Ment  of  friction; 
{7    rz  the  i^rade,  per  cent.  ; 
7'  r -.  the  tension  in  the  rope  in  pounds. 

Then,    7:.(i'.j;.ii:) +  „(//-+,..)•  (200.) 

KxAMPLK. —  20  loaded  cars  wn's^h  4,000  pounds  each,  and  the  hauling 
rope  is  5, (MM)  fed  lon^  and  wcij^hs  .SS  pound  per  f(»<)t.  What  i-^  ih 
tension  in  the  r<»i)e  at  ihc  moment  the  engine  hauls  away  from  th 
bottom  of  the  incline,  the  grade  being  '.]  per  cent.? 
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Solution. — The  tension  due  to  friction  is  equal  to 

(20  X  4.000)  +  (5,000  X  .88)       ^,,.,. 
40 =  2,110  lb. 

The  tension  due  to  gravity  is  equal  to 

.03  [(20  X  4,000)  +  (5,000  X  .88)]  =  2,532  lb. ; 
and,  therefore,  the  total  tension  in  the  rope  is 

2.110  +  2.532  =  4,(J42  lb.     Ans. 

The  total  tension   can  be   found  by   substituting    the    values    in 

formula  200;  thus, 

Example. — Suppose  that  the  train  in  the  previous  example  is  made 
to  run  with  a  velocity  of  12  miles  an  hour.  What  would  be  the  horse- 
power required  to  do  this  work  ? 

12  X  5  280 
Solution. — The  velocity  of  the  train  is  ^ =  1,056  feet  per 

'*J*nute.  The  tension  in  the  rope  was  found  to  be  4.642  lb.  Hence, 
^  1,056  be  multiplied  by  4,(J42,  the  product  will  be  the  number  of  foot- 
pounds of  work  per  minute  the  engine  must  do,  and  if  this  product  be 
^Wded  by  33.000,  the  quotient  will  be  the  horsepower  required. 

Thus,  H.  P.  = J       =  148.5  H.  P.     Ans. 

oo.UUU 

2349.  There  is  one  peculiarity  in  the  sohitions  that  have 
1st  been  arrived  at,  and  that  is  the  taking  of  the  full  weight 
'  the  rope.  The  student  will  observe  that  the  engine  must 
ily  overcome  the  total  weight  of  the  rope  at  the  moment 
^  starting  the  run,  and  at  the  finish  of  the  run  the  weight 
^  the  rope  has  no  effect;  therefore,  the  mean  weight  of  the 
>pe  against  the  engine  is  half  the  total  weight.  It  would, 
lerefore,  appear  that  the  tc^tal  weight  oi  the  rope  should 
ot  be  taken;  but  it  so  happens  that  as  the  weight  of  the 
)pe  reduces,  the  leverage  against  the  engine  increases, 
he  engine  begins  to  haul  with  an  empty  drum,  and  as  the 
)pe  rolls  on,  the  radius  of  the  drum  increases,  and,  there- 
re,  if  the  engine  runs  at  a  constant  speed,  the  speed  of  the 
ain  quickens  as  the  rope  shortens.  For  this  reason,  the 
rrect  average  of  resistance  is  found  by  taking  the  total 
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weight  of  the  rope  throughout  the  run  as  an  offset  to  the 
increasing  radius  of  the  drum. 

Example. —  25  loaded  cars  weigh  4,600  pounds  each,  the  length  of 
the  engine-plane  is  6,000  feet,  the  weight  of  the  rope  per  foot  is 
1.2  fKJunds,  the  grade  of  the  incline  is  5  per  cent.,  and  the  velocity  of 
the  train  is  13  miles  per  hour.  What  is  the  tension  in  the  rope  and 
the  required  horsepower  of  the  engine  ? 

Solution.—    1V  =  25  X  4,600  =  115,000  lb. ; 

7a  =  1.2  X  6,000  =     7,200  lb. 

Substituting  these  values  in  formula  200,  we  have 

^     {lV-{-w)         , ...         . 
T=- — ^ — l^a{W-^w)^ 

1 1  'i  000  -I-  7  *>00 

iio,uuu^  +  .05(115,000  +  7,200)  =  9,165  lb.    Ans. 

The  velocity  of  the  train  is  — — -^ =  1,144  ft.  per  min. ;  there- 

t         .V.    ^  •   9,165x1,144      o^prPTTT  T5       A 

fore,  the  horsepower  is ^,^  .^, =  817.7  H.  P.     Ans. 

oo,UUU 

2350.  The  weight  of  the  rope  is  such  an  important 
factor  in  the  loss  of  useful  effect  on  an  engine-plane,  that  if 
the  work  is  run  off  at  a  high  velocity  with  a  rope  of  light 
weight,  it  can  be  done  with  a  less  expenditure  of  energy. 
To  prove  this,  suppose  the  same  amount  of  work  must  be 
run  off  as  in  the  previous  example,  but  at  a  rate  of  double 
the  speed  and  with  a  roi)e  of  one-fourth  the  weight;  what 
horsepower  is  required  to  do  the  work  with  the  lighter 
rope  ? 

One-half    of    n    in    the   precedmg  example   is    — - —  = 

7  *>()() 
57,500.      One-fourth    of    Tc'.    is    -^ — =1,800  11).,    and   the 

velocity    per    minute    is,   for    20    miles    an    hour,    equal  tc 

2()  X  5  280 

^'"—  =:=  2,2SS  ft.      Using  formula  200,  we  have 


GO 


10  I        V       n^       / 


57^ 500  4-  i,son 

— ---     H-  •<>'">  (o:,:>00  +  1,800)  =  4,447.5  lb., 

and  .  -         --^  :5()8.4  H.  P.     Ans. 

3:i.(H)o 
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From  this  calculation,  it  is  plain  that  the  loss  of  useful 
effect  due  to  the  heavy  rope  is  equal  to  317.7  —  308.4  = 
9.3  H.  P. 

2351.     Engine-plane  haulage,  like  all  other  systems,  is 
capable  of  being  modified  for  special  conditions,  and  some- 
times these  modifications  are  of  great  importance.      For 
example,  the  modifications  may  be  such  as  to  closely  approxi- 
mate to  some  of  the  modes  of  action  of  a  main  and  tail  rope 
haulage.     In  such  a  case,  the  haulage  from  four  or  more  dis- 
tricts in  a  largfe  mine  is  done  with  separate  ropes,  that  are 
made  attachable  and  detachable  with  coupling-sockets.     The 
haulage  will  be  done  with  what  are  practically  tail-ropes, 
because  they  are  used  for  hauling  from  the  engine  instead 
of  to  it,  the  shafts  being  situated  in  a  shallow  basin  of  such 
^  character  that  the  loaded  trains  will  run  by  gravity  to  the 
shaft,  but  have  not  sufficient  fall  to  haul  the  empty  trains 
sway  into  the  different  stations  in  the  workings.     Each  dis- 
trict rope,  therefore,  takes  the  exact  form  of  a  tail-rope,  for 
if  the  cars  are  hauled  into  four  districts  yJ,  /?,  C,  and  Z>,  at 
each  of  the  stations  there  is  fixed  a  return  wheel  for  the  dis- 
trict tail-rope.     To  haul  into  any  one  of  the  districts,  the 
method  of  coupling  is  as  follows :     One  end  of  the  rope  is 
coupled  with  a  socket  to  the  rope  on  the  drum,  and  the 
other  end  is  coupled  onto  the  inner  end  of  the  empty  train 
for  hauling  in.     The    engineer   then   receives    the   signal, 
"  Haul  into  A  station,"  and  when  the  train  arrives  the  rope 
is  knocked  off  and  attached  to  a  full  train,  and  then  the 
signal  is  given  to  the  engineer,  **  Drop  away  the  full  train 
from  A  station. " 

This  is  a  cheap  and  efficient  system,  where  the  conditions 
are  such  as  have  been  stated. 

2352«  The  district  rope  system  of  engine-plane  haulage 
is  also  adopted  in  cases  where  the  seam  and  the  workings 
advance  up  grade  from  one  side  of  the  shaft  and  down  grade 
from  the  other,  and  the  seam  is  pitching  sufficiently  for  the 
empty  train  to  fall  one  way  and  for  the  full  train  to  fall  the 
other.     The  power  required  to  do  the  work  of  this  variety 


twice  the  weight  of  one  side  of  the  rope  is  taken  to 
resistance  due  to  friction.  Second,  the  only  resist 
to  gravity  is  tliat  of  the  train  of  empty  cars.  The  : 
example  shows  how  the  horsepower  is  found  for  < 
of  this  character: 

ExAMi»LK. — 'Wlijn;  horsepower  is  required  to  haul  80  empty 
an  incline  4,000  feet  long,  having  a.  grade  o(  S  per  cent.? 
car  weighs  1,4()0  pounds,  the  weight  of  the  rope  per  foot  o 
.t<8  pound,  and  the  maximum  velocity  of  the  train  is  13  mile 

SoLfTioN.— The  weight  of  the  rope   is  4,000  X  3  X  .88  = 

and  the  n-etght   of   30  empty  cars  is  equal   to  1,400  X  80  = 

llV+71')      (43.000  +  7.040)      ,...,..,  ..  .       . 

' — =  > j ■'  :=  1,220  lb.,  the  resistance  due  t 

and  .<  ly  =  .oa  X  42.000  =  1,260  lb, ,  the  resistance  due  to  gravi 
l,22B  +  l,2fl0  =  S,4861b.,  the  tension  in  the  rope.  Again,  1 
■'i,3>t0  X  13 


hour  is  equal 
required  horsejiow 


:^70.GB3H.  P.    Ans. 


1,050  feet  per  minute;    ther 
].ft'>Bx3.4fiB  _ 
3a.000 

2353.  From  the  foregoing,  the  following  equat 
the  tension  in  the  rope  of  an  engine-plane  having 
rope: 

7-_   "'+  ■• 


•i^+^m 


(201.) 


Also,  if  j'  =  velocity  in  feot  per  minute, andZ/sstt 
power,  the  followiDjj  equation  gives  the  horsepower 
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TAIU-ROPE    SYSTEM. 


DBSCRIPTION  OF  THB  SYSTEM. 

2354.  There  are  four  classes  of  roads  on  which  this 
•ystem  of  haulage  may  be  adopted  with  success,  namely : 

Level  roads. 

Undulating  roads. 

Roads  of  small  pitch. 

Roads  on  which  alternate  levels  and  relatively  high  pitches 

•ccur. 

2355.  The  mode  of  action  that  characterizes  this 
ystem  is  that  of  a  special  provision  for  hauling  in  opposite 
erections.  This  is  secured  by  means  of  two  ropes,  called, 
sspectively,  the  main  and  tail  ropes.     Another  feature  of 

• 

lis  system  is  its  adaptability  for  hauling  trains  of  cars  to 
fid  from  all  the  gathering-up  stations  of  the  different  dis- 
ictsiiiaminc.  In  hauling  to  the  hoisting-shaft,  it  is  clear 
•at  the  destination  is  the  same  for  every  loaded  train,  from 
hatever  gathering-up  station  it  may  come;  and  as  the 
luling-engine  is  either  located  in  the  neighborhood  of  the 
aft,  or  the  hauling-ropes  enter  the  mine  through  the  shaft, 
IS  clear  that  the  rope  that  is  always  pulled  in  one  direction 
wards  the  shaft  will  have  some  specific  name,  and  this 
nie  is  main  rope ;  that  is,  it  is  the  one  rope  that  does 
e  hauling  out  of  every  district  to  the  shaft.  Hence  its 
fne,  main^  or  chief  rope,  or  rope  that  is  always  used  for 
uling  to  one  point.  The  same  can  not  be  said  of  any  of 
5  tail-ropes,  for  they  are  used  for  hauling  to  different  sta- 
ns.  To  realize  what  their  use  is,  suppose  that  there  are 
2  gathering-up  stations,  ./,  7?,  C^  D,  and  E\  then,  to  haul 
the  /]  station,  a  special  district  tail-rope  is  required,  for 
5  rope  must  pull  in  the  direction  of  the  A  station  only,  or 
station  to  which  the  train  must  go.  This  being  so,  the 
-rope  for  A  will  not  do  for  y>\  neither  will  the  B  rope  do 
the  A  station.  The  same  is  true  of  the  other  three  sta- 
is.  Therefore,  if  it  is  intcndcMl  to  haul  out  of  five  dis- 
ts,  &WG,  tail-ropes,  or  one  for  each  station,  are  required 

24—28 
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The  tail-ropes,  then,  are  peculiar  to  the  districts  for  whose 
haulage  they  are  used. 

2350.  A  very  good  idea  of  the  use  of  the  tail-rope  may 
be  obtained  from  a  study  of  Fig.  843.  In  this  case,  a  train  of 
cars  is  supposed  to  be  running  on  a  level  road  hauled  by  the , 
engine  A  to  the  shaft.  It  is  clear  that  without  a  reverse  or 
tail  rope,  this  engine  could  not  be  applied  to  haul  an  empty 
train  back  to  B;  therefore,  in  the  absence  of  a  tail-rope 
engine,  the  engine  B  must  do  the  return  hauling.  It  will 
readily  be  seen  that  the  rope  running  onto  the  drum  of  the 
engine  A  takes  the  place  of  the  main  rope,  and  the  rope  run- 
ning onto  the  drum  of  the  engine  B  takes  the  place  of  the 
tail-rope;  yet,  it  is  not  truly  a  tail-rope,  for  the  one  is  as 
tnuch  a  main  rope  as  the  other. 

The  chief  lesson  this  figure  teaches  is  the  difference 
between  this  system  of  haulage  and  that  of  the  engine-plane. 
In  the  latter,  gravity  did  the  work  that  is  done  in  the  former 
by  the  tail-rope.  As  on  a  level  plane  there  is  no  force  like 
the  earth's  gravity  to  return  the  train  to  the  point  whence 
it  is  hauled  by  the  engine  A,  the  engine  B  is  made  to  do  the 
tail-rope  or  return  haulage. 

2357.  Fig.  844  shows  how  the  return  haulage  is  done 
srith  a  tail-rope.  It  will  be  noticed  that  the  two  drums  on 
the  engine  at  the  left-hand  side  of  the  figure  are  for  winding 
the  two  haulage-ropes.  For  example,  c  is  the  drum  for  the 
naain  rope  and  d  is  the  drum  for  the  tail-rope.  The  main 
rope  is  coupled  to  the  front  of  the  train  of  cars,  and  is  seen 
to  be  hauling  them  to  the  shaft.  The  tail-rope,  on  the  other 
hand,  is  uncoiling  from  its  drum  and  passing  along  the 
side  of  the  track  on  rollers  at  a,  a,  a,  and  ultimately  it  is 
seen  passing  around  the  return  sheave  at  5  to  the  rear  end 
of  the  train  to  which  it  is  attached. 

Fig.  845  is  an  illustration  of  how  the  return  sheaves  are 
erected  at  the  gathering-up  stations  at  the  ends  of  the 
haulage  districts. 

2358«  Having  so  far  given  a  jj^cneral  description  of  this 
system  of  haulage,  it  next  becomes  important  to  notice  the 
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use  and  relationship  of  certain  mechanical  details  with  which 
the  student  must  be  familiar  before  he  can  claim  to  have  an 
intimate  acquaintance  with  this  system  of  haulage.    For 
example,  it  is  not  enough  that  he  should  know  that  two 
hauling-drums  are  used,  but  he  should  thoroughly  under- 
stand the  special  work  for  which  each  is  intended.     It  is  not 
difficult  to  conclude  that  one  of  them  is  for  the  coiling  and 
uncoiling  of  the  main  rope,  and  the  other  to  do  the  same 
for  the  tail-rope,  for  it  so  happens  that  while  one  coils  on, 
the  other  uncoils.      For  example,  when  the  main  rope  is 
coiling  on,  the  engine  is  engaged  in  hauling  coal  to  the 
shaft  from  one  of  the  stations,  and,  therefore,  as  the  main 
rope  is  coiling  on,  the  tail-rope  must  be  uncoiling.     As  the 
train    is  approaching   the  shaft,  it   is    hauling   in   its  rear 
the  tail-rope;  when  the  train  has  reached  the  bottom  of  the 
hoisting-shaft,  the  tail-rope  is  uncoupled  from  its  rear  and 
attached  to  the  front  of  an  ingoing  empty  train,  and  at  the 
same   time   the  main  haulage-rope  is  uncoupled  from  the 
loaded  train  and  coupled  to  the  rear  of  what  is  now  the  in- 
going empty  train.     To  effect  a  change  in  the  direction  of 
haulage,  the  tail-rope  drum  is  thrown  into  gear,  the  main- 
rope  drum  is  thrown  out  of  gear,  and  the  engine  hauls  in 
the  empty  train  with  the  tail-rope.      The  empty  train  now 
pulls  in  the  main  rope  to  do  the  work  of  hauling  out  the 
next  loaded  train,  just  as  the  loaded  train  pulled  out  the  tail- 
rope.      It  has  just  bcrn  slated  that  the  drum  for  the  main 
r()[)(*   is  unc<)U[)K'(l  from  the  engine,  and  the  tail-rope  drum 
is  coupled  to  tlic  engine  to  haul  in  the  empty  train.     This 
stateuKMit  suggests  some  mechanical  arrangement  for  con- 
necting   and     (liseonneeting    the    hauling-drinns    with  the 
engines.     This  opt^ration  is  teehnically  known  as  clutching  in 
and   out   of   gear.      For   instance,  to  haul    in,  the   tail-rope 
drum  is  clutehrd  onto  tlui  eiigine,  and  the  main-rope  drum 
is  thrown  out  of  gear.      I'o  haul  the  cars  out,  the  drum  of 
the  main  rope  is  elul<^he<l  onto  \hc.  engine,  and  the  tail-rope 
drum  is  thrown  (>\\t   of   gear.      Tt    might    be    thought    that 
clut(^hing  one  drum  and   throwing  the  other  out  of  gear  is 
all  that  the  engineer  must  do.     Such,  however,  is  a  mistake, 
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for,  when  passing  over  certain  inequalities  in  the  road  in 
hauling  in  or  hauling  out,  the  engineer  must  put  the  brake 
on  the  drum  that  is  out  of  gear,  to  keep  the  rope  reasonably 
tight,  and  prevent  the  possibility  of  it  uncoiling  and  kinking, 
for  it  is  destructive  to  a  rope  to  allow  it  to  uncoil  itself. 

2359*     So  far,  then,  as  the  drums  are  concerned,  the 
niatter  is  clear  enough,  but  the  coupling  of  the  engines  to 
the  drums  is  a  matter  that  requires  more  than  passing  at- 
tention.    There  are  two  modes  of  gearing  up  the  engines 
for  hauling.     In  some  cases,  the  hauling  is  done  with  second- 
motion  engines ;  that  is,  the  drum  and  the  engines  are  on 
different  shafts.     In  such  a  case,  the  engines  are  said  to  be 
on  the  second  motion,  the  engine  and  the  drums  being  geared 
so  that  the  engine  makes  two  or  more  revolutions  to  one 
revolution  of  the  drum.     This  permits  smaller  engines  to  be 
^d  than  when  the  engines  and  the  drums  are  on  the  same 
shaft,  in  which  case  the  engines  are  on  the  first  motion.     If 
the  same  amount  of  work  is  to  be  done  in  each  of  the  two 
cases,  the  engines  on  second  motion  must  be  run  at  a  higher 
speed  than  the  engines  on  first  motion.     The  latter  are  made 
larger  in  size,  and  consume  the  same  amount  of  steam  in  a 
piven  time  that  the  small  engines  do  while  running  at  a  higher 
jpeed.    Now,  it  might  be  thought  that  the  question  of  engines 
m  the  first  and  second  motions  is  not  of  much  importance; 
mt  such  is  a  mistake,  for  in  large  and  extensive  mines  it  is 
tnportant  that  the  hauling-engines  be  put  on  the  first  motion, 
rhere   the  roads  will  permit,  as  th(^y  are  required  to  run 
eavy  trains  with  despatch,  and  make  up,  for  the  extra  length 
f  road,  for  the  time  occupied  in  socketing  and  unsocketing 
he  tail-ropes  and  for  unpreventable  delays  at  the  different 
tations. 

2360«  The  next  matter  that  must  be  considered  is  that 
f  the  tail-ropes  for  the  different  districts,  so  that  the  melh- 
ds  of  socketing  and  unsocketing  them  with  the  general 
lil-rope  of  the  engine  may  l)e  understood.  To  make  the 
tplanation  clear,  Fig.  S40  is  introduced.  Here  the  general 
aulage  of  the  mine  is  divided  into  five  gathering-up  stations; 
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name])-,  A,  B,  C,  D,  and  E.     In  the  diagram  a  loaded  tral:^ 
is  seen  to  be  leaving  the  gathering-up  station  B  on  its  wik^  ^ 
lo  the  hoi  sting -shaft.     The  drum  for  the  main  rope  is  shoi^-  n 
at  R,  and  the  main  rope  is  seen  along  the  middle  of  the  roa^r3. 
From  the  tail-rope  drum  marked  /,  the  tail-rope  is  seen  to 
advance  along  the  lower  side  of  the  principal  haulage- roa.«f, 
enter  the  entry  B  by  the  deflecting  sheaves  e,  and  then  pass 
up  along  the  right-hand  side  of  the  entry  to  the  return 
wheel  li',  around  which  it  passes,  and  returns  to  the  rear  o{ 
the  train  to  which  it  is  attached.     On  looking  at  district  A, 
it  is  seen  that  both  sides  of  the  tail-rope  from  the  return 
wheel  reach  to  the  entrance  of  the  station,  where  the  two 


Fii.  816. 

inK  lie  sc(,n  Ijmg  ready  fur  attachment.  The  same  appears 
111  ihstn.  1-,  (  ^n(l  P.  On  looking  thnughtfuUy  at  these  t.iii- 
ni[jf»  I  III  im  111  s  rt^ilectinn  will  enable  the  student  tu  iin- 
(i(  rst  ind  lb  it  if  ihi;  train  is  haulfd  out  from  the  shaft  to  /", 
It  (  lu  111.  disdinneclcd  frmn  the  B  tail-rope,  and  connected 
with  lilt  T'liic  l'\  ihi- soiki-t  at  the  off-take  station,  and  by 
this  niL  in-.  Iiitikd  into  stall. m  C.  In  this  way,  disconnec- 
tlo]l^  ind  K  niH  I  imns  can  lu;  made  for  running  into  any  "I 
the  otlicr  si  uinns  It  is  plain  that  to  haul  into  any  district. 
1  cli  ln^,^  must   li     iiKultj  ill  tlie  tail-rope  sockets  at  the  en- 
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2361.     There  are  two  methods  in  practice  for  socketing 

and  unsocketing  the  tail-ropes.  In  the  first  and  oldest  one,  the 
connections  are  made  when  the  train  arrives  at  the  entrance 
to  the  district  into  which  it  is  intended  to  go.  In  the  second 
method,  all  the  district  connections  are  broken  continuously 
up  to  the  entrance  of  the  district  for  which  the  train  is  des- 
tined. For  example,  suppose  the  last  train  arrived  out  ofdis- 
I  trict  A.  The  coupler  for  station  A  uncouples  his  district 
I  tail-rope  and  couples  up  the  general  tail-rope  to  run  past  his 
station;  the  other  couplers  do  the  same,  except  the  one  who 
has  signaled  for  the  next  train.  He  uncouples  the  general 
tail-rope,  couples  up  the  tail-rope  of  his  district,  and  then  sig- 
f^als  for  the  engineer  to  "  run  in,"  and  the  train  runs  con- 
tinuously from  the  shaft  into  the  required  station  without  a 
stop.  This  system  of  socketing  is  decidedly  the  best,  because 
't  prevents  all  unnecessary  delay,  and  never  produces  a  hitch 
*hen  an  efficient  code  of  signals  is  adopted.  Again,  the 
System  secures  great  economy  in  steam',  for  the  engine  is 
»ept  running  almost  continuously. 

2362.  Figs.  847,  848,  and  849  show  different  methods  of 
Socketing.  In  cases  like  these,  a  main  nr  c^enural  tail  roi)e  is 
used  for  all  the  entries.     T 
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Pro  Mr  Fig  ftW. 

Fig.  847,  are  made  when  the  empty  cars  cume  in 
The  rider  unsockels  the  lead  rope  at  /',  and  sockets  on  llit 
entry-rope  at  ^'.  At  the  same  timr  In-  breaks  the  connect ior 
at  (7,  and  couples  on  the  rope  .f'.  He  tht-n  signals  to  the 
engineer  to  haul  into   the   required    yatherinj;-up  station, 
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The  pullinp^  out  of  the  loaded  cars  is  done  by  simply  revers. 
ing  the  operation. 

2363*     In    Fig.    848   another   method   of    socketing    is 
adopted;  but  this  can  only  be  put  in  practice  in  exceptional 
cases.     The  intention  of  this  arrangement  is  to  reduce  the 
number  of  sockets.     The  coupling  of  the  parting  tail-rope 
to  the  main  rope  is  made  at  c.     The  main  rope  is  also  un- 
coupled at  a^    and    the  rope  /;  is  coupled  onto  the  train. 
Then  the  train  can  be  hauled  into  the  gathering-up  station 
in  the  parting.     Fig.  840  illustrates  the  branch  connections 
for  coupling-up,  so  as  to  run  right  through  from  the  shaft 
into  the  station.     The  operation  of  uncoupling  and  coupling 
is  done  at  one  place.     The  ropes  a  and  ff  are  uncoupled  from 
the  train  coming  in  the  main  road,  and  ropes  a'  and  i'are 
coupled  on.     That  portion  of  the  main-roadway  rope  lying 
between  the  coupling-point  and  the  sheaves  lies  idle  in  and 
alongside  the  road.  

CALCULATIONS  FOR  TAlL-ROPe  HAULAGB. 

2364*  The  calculations  for  the  tension  in  the  rope  and 
the  horsepowers  required  for  main  and  tail  rope  haulage  re- 
quire modifications  that  are  not  applied  in  other  systems  of 
haulai:^e.  For  example,  instead  of  gravity  increasing  the 
tension  in  all  cases,  it  sometimes  decreases  it,  and,  therefore, 
hec(Mncs  a  negative  quantity.  To  make  all  these  differences 
clear,  liowever,  the  coiiditions  occurring  will  be  explained 
in  every  case.  The  meaninij^  and  use  of  the  letters  in  the 
exi)ressi()ns  are  as  follows: 

/['  :sz  the  t<;l:il  weij^ht  of  the  loaded  train; 
U\  ---  the  toial  weii^ht  of  tiie  empty  train; 
7t'  :=  the  weij^^ht  of  the  rope; 
C    —  ViT  ~  ^^^^'  (^K'lTieuMit  of  friction; 
a    =  tlu^  ij^radt'  ])er  (H*nt.  ; 

T  =  tiie  tension  in  the  main  rope  in  pounds; 
7"^ --  the  tension  in  the  tail-rope  in  pounds. 

23G5.  The  \vei;j:hls  jkt  linear  foot  of  the  main  and  tail 
ropes  are  somt^tinies  dilTerent;  sometimes  the  main  rope  is 
the  heavier,  and  at  other  times  the  tail-rope  is  the  heavier. 
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In  all  cases,  however,  the  difference  is  small,  and  for  that 
reason  the  weight  will  be  taken  as  the  same  in  the  following 
examples,  unless  otherwise  stated.  Again,  when  an  empty 
train  leaves  the  hoisting-shaft,  the  weight  of  the  moving  tail- 
rope  is  equal  to  twice  that  due  to  the  distance  from  the  shaft 
to  the  gathering-up  station,  and  when  the  train  reaches  the 
gathering-up  station,  the  weight  of  the  rope  moving  is  still 
equal  to  twice  the  length  of  the  journey,  because  then  one 
length  of  the  main  rope  lies  in  the  middle  of  the  track,  and 
an  equal  length  of  the  tail-rope  lies  on  the  side  of  the  track. 
Therefore,  the  weight  of  rope  in  motion  is  never  more  or 
Dever  less  than  that  due  to  twice  the  length  of  the  track 
from  the  shaft  to  the  terminus  to  which  the  train  must  be 
hauled.  For  this  reason,  the  weight  of  rope  due  to  twice 
the  length  of  the  track  will  be  taken  in  each  case. 

2366*  The  tensions  in  the  main  and  tail  ropes  are  calcu- 
lated on  the  longest  runs  and  on  the  maximum  upgrades  of 
the  roads.  In  cases  where  the  haul  to  the  shaft  is  down 
grade,  and,  conversely,  the  haul  to  the  gathering-up  station 
is  up  grade,  the  greatest  tension  falls  on  the  tail-rope. 

When  the  ropes  weigh  the  same  per  linear  foot,  the  ten- 
sion in  the  main  rope  may  be  found  by  formula  201.  The 
tension  in  the  tail-rope  is  found  by  the  same  formula,  except 
that  the  weight  of  the  empty  train  is  to.be  used.  That  is, 
using  the  notation  of  Art.  2364, 

Example. — The  greatest  length  of  main  and  tail  rope  haiilapfe  in  a 
certain  mine  is  6,500.  feet,  and  the  tracks  are  perfectly  level.  The 
weight  per  foot  of  the  main  rope  is  .7  pound,  the  weij^ht  per  ft)ot  of 
the  tail-rope  is  .6  pound,  the  full  cars  weigh  5,000  pounds,  the  empty 
cars  weigh  1,800  pounds,  and  the  trains  consist  of  20  cars.  What  are  the 
tensions  in  the  main  and  tail  ropes  ?  If  the  average  speed  of  the  trains 
is  10  miles  an  hour,  what  is  the  h()rse|>ower  of  the  hauling-engine,  due 
to  the  maximum  tension  of  the  ropes  ? 

Solution. — The  weight  of  the  train  of  loaded  cars  is  20  x  5.000  = 
100,000  lb.  The  combined  weight  of  the  two  ropes  is  (.7-+-.6)X 
6,500  =  8,450  lb.     The  tension  in  the  main  rope  is 


^_  (  JV  +  tv)  __  (100,000  +  8,450) 


40  40 


-  =  2,711.25  Ih.    Ans. 
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The  weight  of  the  train  of  empty  cars  is  equal  to  1,800x30  = 
36,000  lb.  The  joint  weight  of  the  roixis  is  (.6  +  .7)  X  6.500  =  8,450  lb., 
as  before 

Then.'       T=^Ji:i^  =  Bm+^^1,ni.2tilb.. 

the  tension  in  the  tail-rope.     Ans. 

According  to  the  conditions  of  the  example,  the  horsepower  must 

be  calculated  from  the  maximum  tension.     The  speed  of  the  train  is 

5  ^>^  V  10 
10  miles  an  hour,  or ' '"      =  880  feet  per  minute.     Then,  applying 

formula  202, 

Tv    _  2,711.25X880  _  .o  o  „  p      Ans. 
^""SSiOOO""         33/)00         -*'i'^tt,f.     Ans. 

2367.  It  sometimes  occurs  that  a  portion  of  a  haul- 
age-road is  up  grade,  and  there  the  maximum  strain  on  the 
rope  takes  place. 

Example. — On  a  short  portion  of  a  main  and  tail  rope  haulage  the 
main  rope  must  haul  a  train  of  30  loaded  cars  up  a  grade  of  4  per  cent 
What  is  the  maximum  tension  in  the  main  rope  when  a  full  car  weighs 
5,000  pounds,  the  main  rope  weighs  1.2  pounds  per  foot,  the  tail-rope 
weighs  .SH  pound  per  foot,  and  the  length  of  the  track  is  5,600  feet? 

Solution.— The  woi^rht  /F  of  the  train  is  5.000  x  30  =  150.000  lb., 
and  the  weij^ht  -:*/  on  the  ropes  is  (1.2  +  .HS)  0.600  =  11,648  lb.  Then, 
applyinj^  fornuiki  2(M, 

7-  =  '  "■  '   -_)  +  „  „-■=  <'-^>>-<'«lI+ "-G-t^)  ^  ,^  ^  ,.,,,<H.o  -.  I0.041.21b.. 
10  40 

the  nuixiiTiuni  tension  in  the  rope  under  the  given  con(litit>ns.     Ans. 

2368.  Wlicn  a  iL'iula^e-road  only  runs  uj)  grade  for  a 

short  distaiici',  it  is  tiic  j)rartic-c  to  accelerate  the  speeii  of 
tlie  train  a  little  bvH'ore  reac^hing  the  rising  grotind,  and  then 
by  its  inertia  the  train  is  (\irried  over  with  no  other  loss 
than  that  of  a  rcdnrod  velocity,  which  it  soon  recovers. 
The  horsepower  is,  howovrr,  increased  for  this  short  leni(tb 
of  tip-grade  work  in  the  following  proportion: 

Let  /   =  the  full  length  of  th(;  road; 

/j  =  the  short  length  of  the  np-grade  road; 
/*:-  the  h«>rsi'j)<>W('r  recjiiired  for  level  track; 
/'^=  the  increased  horsepower. 

Then,  y.  :_:^'^j_Al.  (203.) 
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The  increased    tension   in   the   rope    due    to   the    local 

-grade   inclination   of   the   road   will   very  seldom  equal 

5  tension  due  to  friction  alone ;  therefore,  the  expression 

ren  in  formula  203  is  sufficient ;  but  where  the  inclination 

so  great  as  to  require  a  higher  tension  than  that  due  to 

ction,  then  the  increase  of  power  is  found  by  a  special 

Iculation. 

Example. — A  main  and  tail  rope  haulage-road  is  for  five-sixths  of 
length  level,  but  in  hauling  out  to  the  shaft,  J  of  the  length  of  the 
d  is  up  grade.  If  the  road  was  all  level,  the  haulage  could  be  done 
h  an  80-horsepower  engine.  What  should  be  the  power  of  the 
;ine  according  to  formula  203  ? 

k)LUTiON. — Substituting  in  formula  203,  we  have 

n  this  connection,  it  must  be  understood  that  the  up 
de  encountered  is  but  slight,  and  that  the  speed  of  the 
in  on  the  level  is  accelerated  so  as  to  carry  the  train  along 
inertia.  In  any  case,  the  formula  gives  only  approxi- 
te  results. 

S369*  Example. — In  a  main  and  tail  rope  haulage  in  a  certain 
e  all  the  roads  leading  to  the  shaft  have  a  mean  fall  of  3  per  cent., 
grreatest  length  of  run  is  equal  to  4,862  feet,  and  the  mean  velocity 

3  miles  an  hour.  The  hauling -ropes  weigh  .88  pound  per  foot, 
trains  consist  of  25  cars,  each  loaded  car  weighs  r),0(M)  pounds,  and 
mpty  car  weighs  1,900  pounds.     What  is  the  tension  in  the  main 

tail  rop)es,  respectively,  and  what    is    the    required  horsepower 
he  hauling-engine  ? 

OLUTION. — To  find  the  tension  in  the  main  rope,  the  gravity  force 
to  the  pitch  of  the  incline  must  be  treated  negatively,  because  it 
ices  the  tension  in  the  rope;  then,  formula  201  becomes 

^=-^r  ■-''^^• 
ince  IV=  5,000  X  25  =  125,000 lb.,  7.'  r^.  4,862  X  2  X.88  =  8,557.12  lb.. 
•^  =  .03,  we  have 

7-=  i»^  -alV=  n2-'^-  «--'-.li>  _ (.03  X  125.000)  = 

11.072  lb.,  the  negative  tension  in  the  main  rope.     Ans. 

'his  means  that  not  only  is  there  no  tension  in  the  main  rope,  but 
zcess  of  gravity  force  equal  to  411.072  lb.,  which  will,  without  the 
ine,  run  the  train  at  a  high  velocity. 
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Thv-  gravity  force  in  the  case  of  hauling  the  train  of  empty  cars  Is 
positive,  because  they  are  made  to  ascend  the  incline;  hence,  we  can 
apply  formula  201  directly  to  find  the  tension  in  the  tail-rope. 

li\  =  1,900  X  25  =  47.500  lb. ;  tt'  =  4,862  X  2  X  .88  =  8,557.12  lb.,  and 
if  =  yf^  =  .03.     Therefore, 

7-.=  iDr^V.  ,,',=  '•^'-'^  tf-^'-^^>  +  .03  X47.500  =  8.826.428  lb, 

the  tension  in  the  tail-rope.     Ans. 

Xo  horsepower  is  exerted  through  the  medium  of  the  main  rope, 
because  the  tension  is  negative;  but  by  using  formula  202,  the  horse- 
power exerted  through  the  tail-rope  can  be  found.     As  the  velocity 

5  280  X  12 
is  equal  to  — -  =  1,056  feet  per  minute,  we  have 

„        Tv         2,826.428  X  1,056      oa-ixtt>      a 
^=^7*00= aaiiiOO =W>44H.P.     Ans. 

2370«     Let  us  observe  the  importance  of  calculating  tln-^ 
tensions  in  the  main  and  tail  ropes.    It  is  evident  that  if  th»-^ 
main  rope  is  a  very  light  one,  not  only  will  the  engine 
better  balanced,  but  great  economy  will  accrue  from  theuj 
of  a  less  costly  rope.     In  a  case  like  this,  however,  it  is  bett^^ 
to  reduce  to  a  minimum  the  size  of  the  main  rope,  and  t       ^ 
increase  the  size  and  weight  of  the  tail-rope  to  equalize  th 
work  of  the  engine.     This  conclusion  will  be  clearly  eviden-^^ 
in  the  next  example. 

Where  the  haiilajxc-roads  have  a  fall  towards  the  bottoi 
of  the  shaft,  it  is  evident   that  the   full  cars  will  furnish  _ 
gravity  force  that  is  n<\i^ative  to  the  general  resistance,  anC^^^^^^^ 
that   the   difTerenee    between  the  weight  of    the  ascending 


heavy  tail-r()i)e    and    the    descending    light    main  rope   wilt^ 
furnish  a  p:ravity  force  that  is  positive  to  the  general  re 
sistance. 

Under    these    conditions,    the    tension    in    the    main  ro 
becomes 

where  ii\  =  ihv.  difTerenee  in  the  weights  of  the  ropes,  an( 
the  other  letters  represent  the  same  values  as  given  to  thens:::^ 
in  Art.  2364. 
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To  find  the  tension  in  the  tail-rope,  the  same  formula  is 
used,  except  that  the  second  term  must  be  added.     That  is, 

Example. — If  in  the  example  of  Art.  2369,  the  main  rope  and 
tail«rope  weigh  .6  pound  and  3.65  pounds  per  foot,  respectively,  what 
'^I  be  the  tension  in  each  rope,  and  what  will  be  the  required  horse- 
power of  the  haulage-engine  ? 

Solution. — Using  formula  204,  we  have 

^     IV-hiv  ..,,  .      5,000  X  25  4- 4.862  (3.65 -+- .6)       ^^ 

[125,000  -  4,862  (3.65  -  .6)]  =  336.46  lb.  = 
^e  tension  in  the  main  rope.     Ans. 

To  find  the  tension  in  the  tail-roi^  use  formula  205.     In  this  case, 
^1  =  1,900X25=47,500;   hence. 

^^  ^  47.500  +  20.663.5  ^  ^.^  ^^^,,^^  _  ^^^^^  ^.  ^  ,^  ^^^  .,  ^^      ^^^ 
44) 

Using  formula  202,  we  have 

_7V     _  336.46X1.056  _.,....   p 
33,00(7  ~"       33.000       -  ~^^'5^^- ^•t 

the  horsepower  required  for  the  haul  out  with  the  main  rope.     Ans. 
A«.i«  AT         ^^'         2.684.2x1,056       ^- ^  tt  i^ 

^^^"'       ^=  33^:000  =  — mm—  =  ^"-^  "•  ^- 

the  required  horsepower  for  the  tail-rope  haulage.     Ans. 

237 !•  From  the  example  just  worked  out,  some  inter- 
esting lessons  are  learned.  The  first  is,  that  the  tension  in 
the  ropes  under  the  greatest  stress  does  not  much  exceed 
one  long  ton;  further,  the  weight  of  a  rope  and  the  weight 
of  a  train  may  become  negative  to  the  resistance  of  friction. 
Again,  the  energy  that  is  lost,  when  a  portion  of  the  gravity 
force  due  to  the  inclination  of  the  road  is  wasted  by  using  a 
brake,  may  be  utilized  by  adjusting  the  weights  of  the  ropes 
to  retain  it. 

In  the  example  of  Art.  2369,  the  horsepower  was  found 
to  be  90.44,  and  in  the  example  in  Art.  2370  it  is  85.9. 
Therefore,  90.44  —  85.0  =  4.54  horsepower  is  saved  by  in- 
creasing the  weight  of  the  tail-rope.  More  than  this  could 
be  saved  by  further  reducing  the  weight  of  the  main  rope, 
and  further  increasing  the  weight  of  the  tail-rope,  where,  as 
in  this  case,  there  is  a  down  grade  to  the  shaft. 
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2372«  In  main  and  tail  rope  haulage  it  is  important 
that  the  maximum  velocity  of  the  trains  should  never  exceed 
12  miles  an  hour,  for  three  very  important  reasons:  (1)  the 
tracks  are  costly  to  keep  in  repairs  when  the  velocities  ex- 
ceed the  limit  just  given;  (2)  high  speeds  are  destructive  to 
the  cars,  and,  therefore,  increase  the  haulage  cost  per  ton; 
(3)  derailing  is  more  frequent  at  high  speeds  than  low  ones. 
As  the  maximum  speed  must  be  kept  within  a  safe  working 
limit,  the  number  of  cars  in  a  train  is  determined  by  five 
important  factors,  all  of  which  are  variable,  or  different  in 
different  mines.  Before  estimating  the  number  of  cars  that 
should  be  attached  in  a  train,  the  values  of  the  factors  just 
referred  to  must  be  known.     They  are : 

1.  The  output  of  the  mine  in  tons  of  coal  per  day. 

2.  The  mean  lengths  of  the  roads. 

3.  The  weight  of  coal  a  car  will  carry. 

4.  The  number  of  trains  that  can  be  run  out  of  the 
different  districts. 

5.  The  number  of  tons  of  coal  each  haulage  district  can 
produce. 

2373*     The  values  of  the  factors  are  found  as  follows: 

The  prospective  output  of  the  mine  is  found  by  estimating, 
on  the  basis  of  present  practice,  how  much  more  is  possible. 

The  lengths  of  the  roads  are  calculated  prospectively  from 
the  attainable  lengths  measured  on  the  map  of  the  available 
field. 

The  cars  are  made  to  carry  such  weights  as  the  dimen- 
sions of  the  hoisting-shafts  and  the  heights  of  the  haulage- 
roads  will  allow. 

The  ninnber  of  trains  is  found  as  follows: 

{(?)  Find  the  mean  of  all  the  lengths  of  the  districts,  each 
being  measured  from  the  shaft  to  the  making-up  stations. 

(/^)  ]\rulti[)ly  the  mea.i  length  of  the  districts  by  3,  for  the 
following  rcMsons:  A  journey  of  full  cars  out  and  empty 
cars  in  is  ciinal  to  double  the  length  of  a  district  road,  and 
to  eomjx'nsatc  dn'  tmproventable  and  tinf(^reseen  delays, 
another  addition  must  be  made  to  the  length  of  the  track, 
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and,  therefore,  the  mean  length  of  the  district  roads  must  be 
mtdtiplied  by  3. 

(c)  Find  the  number  of  feet  a  point  in  the  rope  will  pass 
through  in  one  working  day.  Suppose,  for  example,  the  mean 
speed  of  the  rope  is  12  miles  an  hour,  and  that  the  time  of  one 
day  is  10  hours;  then,  5,280  X  12  X  10  =  033, GOO  feet,  the  dis- 
tance a  point  in  the  rope  will  move  through  in  10  hours. 

(d)  Divide  the  distance  a  point  in  the  rope  would  move 
through  if  kept  continually  in  motion  by  3  times  the  mean 
length  of  the  district  roads,  and  the  quotient  will  be  the 
number  of  trains  that  can  be  hauled  out  per  day. 

BxAMPLE. — How  many  trains  can  be  run  out  by  a  main  and  tail 
rope  haulage  in  one  day  of  10  hours,  the  speed  of  the  rope  being 
W  miles  an  hour,  and  the  lengths  of  five  districts  being  as  follows: 

A  =5,012  feet; 
i?  =  4,654feet; 
C  =  3.278  feet; 
Z>  =  7,101  feet; 
j&=2,794feet. 

Solution.—    6.012  +  4,654  +  3,278  +  7,101  +  2,794  =  22,839. 

22,839  -*-  5  =  4.567.8,  the  mean  length. 

5  280  V  12  X  10 
Then,     *  a  ku'^  q  v^  q —  =  46.23,  or,  practically,  47  trains  per  day.     Ana^ 

4,00  4.0  X  *^ 

To  find  the  number  of  cars  in  a  train,  divide  the  output  in 

tons  per  day  by  the  number  of  trains^  multiplied  by  the  tons  of 

coal  a  car  will  carry  ;  the  quotient  will  be  the  mimber  of  cars 

in  a  train. 

Example. — The  output  of  a  mine  is  2,000  tons  of  coal  per  day ;  the 
number  of  trains  to  haul  out  this  quantity  is  47.  If  one  car  carries 
2  tons,  how  many  cars  must  there  be  in  a  train  to  do  the  work  ? 

2  000 
Solution. —     -j^ — 5  =  21.276,  or,  as  there  can  not  be  a  fraction,  the 

47  X  2 

number  is  22  cars  in  a  train;  or,  combining  the  examples, 

2,000      5.280  X  12  X 10      oi  ijo        00  1  v.  c  a 

-T? ^      M  ^^C  o      » —  =  21.63,  or  22,  nearly,  as  before.     Ans. 

2  4,oo7.o  X  « 

Example. — The  following  particulars  arc  required  for  the  con* 
•miction  of  a  haulage  plant  on  the  principles  of  main  and  tail  rope: 

{a)    The  number  of  trains  that  can*l)e  run  out  per  day. 

(p)    The  number  of  cars  in  a  train. 

(^)    The  horsepower  of  the  haulage-engine 
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The  calculations  must  be  based  on  the  following  i>articulars: 
1.    Six  district  haulage-roads,  A,  B,  C,  D,  E^  and  /'  the  lenj 
«rhich  are  to  be  as  follows: 

A  =6,784  feet  long; 
^  =  4,250  feet  long; 
C  =  8,276  feet  long; 
i>  =  3,560  feet  long; 
£•  =  5,720  feet  long; 
F  =  7,963  feet  long. 

2l   The  mean  up  grade  to  the  shaft  is  2  per  cent. 
8.   The  output  is  3,000  long  tons  of  coal  in  10  hours 

4.  The  cars  each  carry  2^  tons. 

5.  The  speed  of  the  train  is  10  miles  an  hour. 

6.  An  empty  car  weighs  I.IKM)  pounds. 

7.  The  weight  of  one  foot  of  the  rope  is  1.56  pounds. 

Solution. — {li)  The  distance  a  ix>int  in  the  main  haulage-rope  wi- 
run  in  10  hours  is  5,2H()  x  10  X  10  =  528,000  ft. 

To  find  the  number  of  trains  that  can  be  run  out  in  a  day,  this  last 
product  is  divided  by  three  times  the  mean  length  of  the  haulage-roads 
The  mean  length  is 

(6,784  -f  4,250  4-  8,276  +  3,560  +  5.720  4-  7.963)  -«-  6  =  6.092^  ft 

Hence,  the  number  of  trains  is 

r-  nLof"^  -i  =  ^"'^•^•^'  "^'  l>raclically,  29  trains.     Ans. 

{b)  To  find  the  number  of  i  ars  in  a  train,  Ihc  output  is  divided  by 
the  number  of  trains  multiplied  by  the  number  of  tons  a  car  will 
carry. 

Thus,   ,-) '-' ^  .)  -  =  41.4  cars,  or,  praetically,  42  in  a  train.     Ans. 

(r)  Renieniberinj^  that  the  output  is  in  loni^  tons,  the  weight  of  a 
loaded  car  will  be  CJ.^In  ;<  -J.."))  --  l.JKM)  -  7.500  lb.     Therefore, 

\Vz=z  7  :)00  V  42  --  :ur),oooib..  and  w  -..-.  \.:^i^  X  r>,092.in  X  2  =  iy,007.54lb 
Substituting  these  values  in  formula  201,  we  have 

r= -\-  a  J I  ,  or  ■ . 4-  .02  X  3b),(HM)  = 

4"  40 

5  280  V  1^ 

I  1. <)">().  11)  11). ;  the  velocity  of  the  trains  is  equal  to  ^^^~^, =KSO 

oO 

feet  per  minute 
Substilutini^  in  formula  202,  we  have 

^^ ^  3;Mhm)         -aaVooo ^  "'''•  '^^'^'    '^"^ 


MINE  HAULAGE.  67 

TAIL-ROPE  COUPLINGS. 

2374.  Fig.  850  shows  a  tail-rope  coupling 
for  connecting  the  different  sections  of  the 
rope  to  run  the  train  into  a  given  district. 
There  are  many  different  coupling-links  in  use, 
and  they  all  aim  at  securing  three  things: 

First,  to  make  a  secure  and  reliable  connec 
tion. 

Second,  to  provide  a  coupling-link  that  will 
knock  as  little  as  possible  on  the  rollers,  and 
not  injure  the  coils  of   the  rope  on  the  haul- 
ing-drum. 
^  Third,  to  furnish  a  coupling    in    which  the 

connection  can  be  made  and  unmade  in  as  short 
a  period  of  time  as  possible. 

The  coupling  shown  in  Fig.  850  is  one  of  the 

simplest  and  oldest  in  use,  and  it  is  here  given 

to  explain  the  general  principle  involved,  but 

i    not  as  a  model  of  a  good  socket.     Sockets  and 

2    couplings  must  be  seen  in  use  to  be  understood 

ft) 

in  their  mode  of  action,  but  the  following 
figures  furnish  a  general  idea  for  a  student  in 
pursuit  of  a  knowledge  of  the  important  de- 
tails. This  form  of  coupling  is  even  yet  ex- 
tensively used;  it  consists  of  two  goose-neck 
"  fastenings  Jl/  and  Jll  made  in  the  form  of  a 
pair  of  trough-shaped  tongs,  riveted  by  three  or 
four  rivets  to  the  end  of  the  ropes,  and  con- 
nected by  the  links  A^,  A',  and  O,  as  shown. 
The  wires  at  the  end  of  the  ropes  should  be 
either  welded  or  soldered  for  an  inch  or  so  to 
prevent  untwisting,  or  otherwise  the  rope  will 
draw  out. 

237Sm  The  hauling-ropes  for  engine  and 
gravity  planes  and  for  the  main  and  tail  rope 
planes  have  securely  fastened  on  their  ends, 
caps  or  sockets  for  coupling  them  up  with  the 

21) 
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In  Fig.  855"  is  shown  a  knock-off  link  that  can  be  operated 
by  hand.     When  a  detachment  is  necessary,  the  lever  A   i 


pulled  upwards,  and  then  the  clevis,  or  hook,  takes  the  posi- 
tion sliown  by  the  dotted  lines,  and  the  rope  slips  off. 

Fig.  850  is  an  ilJirS- 
tration  of  a  hand-de- 
taching arrangement 
very  similar  in  char- 
acter to  the  previous 
one. 

Fig.  857  is  an  illus- 
tration of  an  auto- 
matic    dftaching    or 

di  sen  imaging  hook. 

'•"'  '^  In    this    rase,    instead 

of  tliL  It  \tr  1  Lin.,  ]  Lfitui  by  hand,  one  arm  of  a  bell-crank 
k\Lrisniili,  t  ktnh  tlic  ri'iic  by  striking  a  beam  .5,  as 
sti.]i  in  till-  v,\\  r  I  rt  II  (  f  the  front  end  of  the  oar.  The 
kn  ik  tf  gii  Kr  y  s  s  t  I  loss  tli»;ti-;ick,  and  so  fixed  that  a 
tri  n  |>issin^  1  n  I  i  it  (iists  ;i  lifll-crank  .  J  tostrikc  against 
J  nhmtln  I  \  I  (  Iw  niiects  the  L-levis  and  sets  the  rope 
and  its      11)  1  ill,  1 

tiji  V  s  s  I  U  I  ill  '•ir  ition  of  aiiautomaticdetachmenl, 
but  uiiliki.  tl  (,  Uki  I  i  c.^,  not  break  the  connection  until 
the  1 11111111  st  ]s  111  in  inciiL  the  car  attempts  to  overrun 
the  cl  II       tl        k\  IS  dctn-lifs  the  rope,  or  rather  the  link  d' 
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ilides  off  the  hook  at  //,  and  the  ri>pc  falls  to  the  ground, 


"Id  leaves  the  train   free   to  run   farther  on  by  its  ( 
"•Omentum. 

2377.     The  engines  and  drums  fur  main  and  tail  rope 


l^ulage  a 


;  not  always  situated  in  the  n 


,  for  ihere  the 


^team  is  either  produced  by  boilers  situated  in  the  r 
_*hich,  to  say  the  least,  is  a  dangenius  practice — iir  the  steam 
'S  conducted  in  pipes  from  the  surface.  However  well  the 
Pipes  are  protected,  there  is  a  great  loss  of  energy  due  to  the 
•"adiation  of  heat  from  the  steam,  and,  therefore,  it  is  better, 
if  possible,  to  locate  the  hauling-engines  at  the  surface,  and 
Conduct  the  hauling-ropes  down  the  shaft  or  slopes  into  the 
•liine.  In  some  cases,  the  ropes  are  c<inductcd  through  bore- 
holes ;  where  this  is  done,  great  advantages  are  often  secured, 
for  sometimes  by  this  method  a  large  amount  of  local  haul- 
age can  be  effected  that  would  otherwise  have  to  be  done 
by  mules.  At  other  times,  it  secures  the  a<Ivantagc  of  a 
Very  much  shorter  rope.  It  mi^ht  he  thought  that,  by 
locating  the  engines  at  the  surface  and  conducting  the  ropes 
through  shafts  or  bore-holes,   a  difficulty  would  arise  with 
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in 


the  signals  between  the  gathering-up  stations  and  the  engi- 
neer, and  between  the  gathering-up  stations  and  the  "malt 
and  break"  boys  at  the  entrances  to  the  district  roads 
Experience,  however,  has  disapproved  the  conclusion,  inso- 
much that  the  signals  are  found  to  be  as  perfectly  givenand 
as  perfectly  received  as  they  would  be  if  given  from  the 
gathering-up  stations  to  the  engineer  in  the  mine.  The  neces- 
sity of  accuracy  tn  signaling  can  be  readily  appreciated  vhen 


Pig.  ssa 

the  student  rcniombcrs  tliat  many  of  the  roads  are  unduU" 
liny,  and  reqiiiri;,  i.n  the  part  of  the  engineer,  great  careio 
prevent  the  trains  'iver running  the  main  mpe  on  the  one 
hand  and  the  tail-n ij.e  on  tJio  other,  when  the  trains  are  run- 
ning doivn  grade.  With  a  jtroper  code  of  signals,  and  withllie 
engineer  duly  informed  of  the  eharacteristic  down  grades  i>i 
the  several  distriets,  the  irains  are  kept  well  under  eontn>l. 
In  some  eased,  double  traekri  have  been  tried  for  main  and 
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111  rope  haulage ;  but,  so  far,  such  a  mode  of  proceeding  has 
een  found  to  be  neither  prudent  nor  economical,  as  wide 
3ads  must  be  expensively  secured,  and  in  many  cases  middle- 
imbered.  This  is  expensive  enough,  but  it  is  only  a  frac- 
ion  of  a  greater  expense  that  is  sure  to  arise  in  cases  where 
train  running  at  a  velocity  of  10  or  12  miles  an  hour  be« 
omes  derailed,  and  runs  into  the  timber  and  draws  it  out. 
'hen,  if  the  roof  is  at  all  tender,  it  caves  in,  and,  before  the 
illing  stone  can  be  removed  and  the  roof  can  be  resecured, 
great  loss  arises  from  the  stoppage  of  the  work,  in  ad- 
ition  to  the  great  expense  of  retimbering.  Single  roads 
fe  better  for  main  and  tail  rope  haulage,  and  the  single- 
>ad  system  is  what  gives  to  the  main  and  tail  rope  haulage 
s  preference  over  other  systems. 


ENDLESS-ROPE   SYSTEM   OF   HAULAGE. 


DGSCRIPTION  OF  THE  SYSTEM. 

2378«  The  endless-rope  system  of  haulage  can  often 
e  substituted  with  advantage  for  cither  of  the  other  three 
''Stems  previously  mentioned.     The  underlying  principle 

•  its  action  is  that  the  haulage  is  done  by  a  band  or  a  series 

•  bands  of  rope  that  operate  the  cars  like  an  elevator-chain 
yts  the  elevator-buckets.  To  realize  this,  let  the  loaded 
irs  take  the  place  of  the  full  elcvatc^r-buckets,  then  the  in- 
Jrted  and  empty  buckets  arc  the  exact  analogue  of  the 
npty  cars;  for  on  one  side  of  the  endless  rope  there  are  full 
rs  moving  progressively  to  the  shaft,  and  on  the  other  the 
ipty  cars  are  moving  inwards  to  the  workings.  In  another 
nse,  the  principle  of  action  of  the  elevator  and  the  endless- 
pe  haulage  is  alike;  that  is,  the  buckets  on  the  endless 
ain  of  the  elevator  are  set  separatjly  and  at  equal  dis- 
(ices  along  the  sioes  of  the  chain-belt,  and  in  much  the 
me  way  the  cars  attached  to  the  endless  roi)e  are  set 
Darately  at  fixed  distances  alonijf  the  rope,  the  full  cars 
ing  attached  to  one  side  of  the  band  of  roue  and  the  empty 
es  to  the  otner. 
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2379.  A  good  illustration  of  the  arrangement  of  the 
rope-band,  in  reference  to  three  of  its  most  important 
features,  is  shown  in  Fig.  859. 

1.  The  engine  and  the  grooved  wheels  for  clutching  the 
rope  for  hauling  are  seen  in  plan  in  the  upper  portion  of 
the  figure,  and  in  elevation  in  the  lower  portion.  It  will  be 
noticed  that  the  engine  is  located  at  one  side  of  the  tracks. 

2.  The  two  parts  of  the  endless  rope  are  seen  between 
each  of  the  two  tracks,  for  the  purpose  of  hauling  in  opposite 
directions,  as  shown  by  the  arrows,  which  indicate  that  the 
loaded  cars  are  moving  outwards  along  the  lower  track  to 
the  shaft,  while  the  empty  cars  are  moving  inwards  to  the 
workings,  as  indicated  by  the  arrow  on  the  upper  track. 

3.  A  tail-wheel  C  is  provided  to  form  the  inner  loop 
or  end  of  the  rope-band;  hence,  the  two  sides  of  the  endless 
rope  run  along  their  respective  tracks  and  around  the  tail- 
wheel  C  and  the  grooved  wheels  of  the  engine  at  A  and  B, 

Two  other  important  provisions  designed  to  keep  the  rope 
tight  are  as  follows:  First,  the  tension-weight  D.  This  is 
employed  to  keep  the  rope-band  tight  on  the  grooved  grip- 
wheels  ;  for  if  this  is  not  done  the  rope  will  slip  and  the  engine 
will  be  incapable  of  doing  its  work.  Second,  the  tail  or  re- 
turn wheel  C  is  made,  by  means  of  a  tension-balance,  to 
keep  the  inner  loop  of  the  rope  tight ;  for  should  one  of  the 
sides  of  the  rope-hand  be  allowed  to  run  slack,  then  the  grips 
attached  to  the  cars  lose  their  hold  of  the  rope,  and  the  haul- 
age on  that  side  of  the  band  ceases.  It  will  be  seen  that 
several  dedectint^  slieaves  are  required  for  the  engine  end 
that  are  not  ne(H'Ssarv  for  the  tail-sheave  enc].  The  reason 
for  the  (liiYrrencc  is  evident;  for  example,  the  sheave  C  can 
be  made  to  slide  in  a  frame  inwards  or  outwards  as  the  tension 
of  the  band  reciuires  adjustment,  but  the  engine  and  the 
grip-wheels  can  not  be  made  to  slide  in  this  manner;  conse- 
quently, the  tension-balance  truck  /^  has  a  wheel  mounted  on 
its  top,  ai^l  tliis  forms  a  l<^<)p  on  one  of  the  sides  of  the  rope- 
band.  Should  the  band  slacken,  the  truck  7?  descends  the 
incline  by  its  weiti^ht  and  tightens  the  rope,  and  should  the 
rope  become  for  a  moment  over-tight,  then  the  tension-bal- 
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Ic  D  rises  and  releases  the  stress.  The  deflecting 
,  6",  //,  /,  etc.,  are  necessary  for  the  fixed  engine^ 
>t  required  for  the  tail-wheel  C. 

Fig.  800  is  a  plan  of  a  typical  endless-rope  haul- 
1  single  band.     At  the  right-hand  end  of  the  figure 
the  tracks  5  and  s  begin  at  the  hoisting- 
shaft.     The  engine  is  located  at  -C,  and 
the  sides  of  the  rope  from  the  grip-wheels 
_  are   seen    to   pass   round    the    deflecting 

b  '  —       wheels  u^  u\     The  tail,  or  return,  wheel 
^  is    shown    at  T,     The    direction    of    the 

motion  of  the  loaded  cars  /,  /,  /,  etc.,  is 
towards   the   hoisting-shaft,  as   indicated 
by  the  arrows,  and  the  direction  of  the 
empty  cars  c^c^c^  etc.,  is  inwards  to  the 
working   face,  as   shown  by  the   arrows. 
In  this  figure,  the  similarity  of  the  end- 
less-rope haulage  to  that  of  the  elevator 
endless  chain  and  buckets  is  plainly  seen, 
.  and  yet  there  are  three  particulars  in  the 
«  mode  of  action  in  which  the  endless-rope 
2  haulage  differs  from  the  elevator  chain  and 
buckets. 

1.  The  buckets  of  the  elevator  are  per- 
manently fastened  to  the  chain-belt; 
whereas,  in  the  case  of  the  endless  rope, 
the  cars  are  only  temporarily  attached. 

2.  In  the  case  of  the  endless  rope, 
the  cars  arc  detached  at  the  hoisting-shaft 
end  of  the  loop  and  passed  on  to  the  cage, 
and  the  empty  cars  from  the  surface  are  at- 
tached to  the  ingoing  side  of  the  rope-band. 

3.  At  the  tail-wheel  end  of  the  rope- 
band  the  empty  cars  are  detached  and 
sent  into  the  workings  to  be  refilled, 
while  loaded  cars  from   the  workings  are 

ly  being  attached  to  the  outgoing  side  of  the  rope 
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to  be  carried  forwards  to  the  hoisting-shaft.     The  elevator 
chain  and  buckets  are  self-filling  and  self-emptying,  while 
the   cars   of    the   endless-rope   haulage   are   continually  in 
process  of  being  attached  and  detached.     That  is  to  say, 
at  the  tail-wheel  or  inner  end  the  empty  cars  are  continu- 
ally being  detached  and  the  full  cars  are  being  attached, 
while  at  the  outer  or  shaft  end  of  the  endless-rope  band  the 
full  cars  are  always  being  detached  and  the  empty  cars  arc 
being  attached. 

2381.  Fig.  800  shows  an  endless  rope  with  a  singfl^ 
band.  Sometimes  surface  haulages  of  this  character  exteri  J 
for  miles  over  undulating  ground.  In  the  mines,  however, 
it  seldom  occurs  that  a  single  band  is  sufficient  for  the  entire 
haulage  of  a  seam,  and,  therefore,  several  deflecting  bands 
are  necessary.  When  this  is  the  case,  the  tail-wheel  for  the 
main  or  principal  band  is  made  to  act  as  a  grip  or  fleet 
wheel,  and  to  rotate  by  suitable  gearing  another  fleet-wheel, 
which  hauls  from  the  workings  the  cars  coming  to  the  main 
band.  Therefore,  the  geared  fleet-wheel  for  the  local  haul- 
age is  made  so  that  it  can  be  clutched  in  and  out  of  action 
to  prevent  needless  running  when  the  supply  of  loaded  cars 
from  any  district  is  not  sufiicient  to  keep  this  secondary 
band  continually  moving.  Sometimes  the  main  hand  is 
continued  forwards  in  its  advance  into  the  workings,  and 
deflectinj^  j^rip-wheels  are  fixed  at  the  entrances  to  all  the 
districts  it  passes.  Wlicn  this  arrangement  is  used,  four  or 
five  dellectinjj^  hands  hrini^  their  contents  to  one  main  band. 
The  staiement  of  this  fact  suj^^'ests  that  the  cars  on  the 
main  band  must  run  :it  a  hijj^her  velocity  than  those  on  the 
branc^hin^  l)ands,  and,  in  addition,  that  the  cars  on  the  dis- 
trict bands  must  he  set  at  <:(reater  distances  apart,  because 
the  main  hand  nnist  run  off  th.e  cars  from  all  the  districts. 

Since  (jualihcat  ions  of  this  cliaracter  are  necessary,  it  is 
clear  tiiat  the  relative  vc-locities  of  the  secondarv  bands  of 
rojie  nui^t  he-  pro})erly  adjusted,  or  the  haulage,  instead  of 
bein;^  a  success,  will  be  a  failure.  Sufficient  has  been  said 
to  furnish  a  j^eneral  des(^rii)tion  of  the  points  which  give  to 
the  endless-rope  haulage  its  individuality. 
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2382*  The  conditions  under  which  endless-rope  haul- 
^ecan  be  applied  in  mines  to  secure  special  advantages 
lust  next  be  considered. 

1.  A  gravity-plane  worked  with  an  endless  rope  gives 
itter  all-round  results  than  a  plane  worked  with  two  ropes 
id  two  trains,  because  with  the  endless  rope  there  is  prac- 
^lly  no  limit  to  the  length  of  the  haulage  which  can  be 
►ne  by  gravity.  As  was  stated  previously,  when  two 
pes  are  used,  the  weight  of  the  rope  attached  to  the  empty 
ain  at  the  commencement  of  the  run  soon  becomes  suf- 
ient  to  counterbalance  the  weight  of  the  coal. 

2.  Ordinary  gravity-planes  can  only  be  made  efficiently 
If-acting  on  a  down  grade  for  the  loaded  cars,  whereas  an 
idulating  plane  with  endless  rope  that  alternately  pitches 

opposite  directions  can  be  made  self-acting  by  gravity,  if 
has  a  general  fall  sufficient  to  counteract  the  friction  due 
traction. 

3.  The  united  advantages  of  an  endless-rope  gravity-plane 
e  such  that  it  works  efficiently  wherever  the  two-rope 
stem  answers,  and  it  works  and  gives  satisfactory  results 
lere  the  two-rope  system  fails;  that  is,  on  very  long  planes 
d  on  planes  pitching  in  opposite  directions,  yet  having  a 
Elicient  general  fall. 

i.  The  general  haulage  of  a  mine  can  be  done  by  gravity 
rough  the  medium  of  an  endless  rope,  where  the  ordinary 
ivity-plane  could  not  be  applied. 

5.  More  work  can  be  accomplished  at  a  mine  by  the 
dless-rope  system  than  by  an  engine-plane,  because  the 
•un  back  "  on  an  engine-plane  is  done  by  gravity,  and  un- 
s  the  pitch  is  sufficient  to  produce  a  high  speed,  only  a 
atively  small  amount  of  work  is  done,  and  where  the 
:ch  is  considerable,  a  large  amount  of  work  is  wasted  in 
ting  a  long,  heavy  rope. 

5.  In  some  cases,  where  an  engine-plane  is  down  grade  to 
5  shaft,  and  so  long  that  the  two-rope  gravity-plane  will 
t  act,  and  engine-power  must  be  employed  to  assist 
ivity,the  endless  rope  will  act  and  give  satisfactory  results 
thout  the  aid  of  steam-power. 
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7.  All  the  haulage  that  is  done  by  the  main  and  tail  rope 
system  can,  where  the  roof  and  floor  will  permit,  be  done 
better  and  more  cheaply  by  the  endless-rope  system,  because 
the  work  can  be  run  out  of  all  the  different  districts  the 
same  as  with  the  main  and  tail  rope,  yet  with  a  smaller 
expenditure  of  motive  power. 

8.  Haulage  by  the  endless-rope  system  is  cheaper  on 
undulating  roads  than  the  main  and  tail  rope,  because  the 
only  work  expended  in  the  haulage  is  that  of  traction  and 
the  gravity  of  the  nlcan  pitch. 

9.  With  the  endless-rope  haulage,  there  is  no  congestion 
at  the  gathering-up  stations,  and  no  delays  due  to  several 
districts  calling  for  cars  at  the  same  time ;  for  the  endless 
rope  secures  a  continual  output  of  full  cars  and  a  continual 
income  of  empty  ones  to  keep  the  work  progressing. 

2383.     So  far,  attention  has  been  given  to  the  typical 
endless-rope  system.     There  are  in  practice  several  modifi- 
cations of  it,  specially  intended  to  adapt  it  to  ccmditions  in 
which  the  double  track  can  not  be  used,  as  where  the  roof 
and  floor  are  tender,  and  can  not  be  kept  secure  without 
risk  and  ^rcat  expense.      These  modifications  aim  at  using 
a  sinj^le  tr:ick  instead  of  a  double  one.      In  this  case,  the 
ditlusion  of    the  (^ars    along  the  tracks  must  be  dispensed 
with,  and,  in  lieu  <»f  this,  several  cars  are  made  to  run  in 
trains,      ^^>r  this  arrang^enie'nt   to  answer  with  an  endless 
rope,  two  special  provisions  must  be  made.      First,  partings, 
or  pass-l)ys,  must  he  provided  at  frequent  intervals  along  the 
track;  second,  automatics  Rrips  must  be  use<l,  so  that  when  a 
train  enters  a  pass-l>y,  the  j:^ri[)  that  secures  it  to  the  rope 
is  automaticallv  unloosened,  and   the  train   stands  luitil  a 
train  movinij^  in  an  op])o^ile  direction  reaches  the  point  in 
th(i  track  that  is  exactly  op])osite  to  that  of  the  train  in  the 
partinj^.     Then   the  i^rip  of  the  standing  train  must  auto- 
mati(\illy  rcclose,  and  allow  it  to  m<»ve  on  to  the  succeeding 
pass-l>y.     Tin-  pass-by  ami  the  automatic  grip  are  <.)nly  ditTer- 
ent  sul)stitules  f(.)r  securini^  the  advantages  of  the  typical 
endless  rope  with  double  tracks.     These  modifications,  how- 
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re,  but  only  reduce  the  danger  and  expense 
J  and  maintaining  double  tracks,  for  double  tracks 
at  the  partings.  They  are  expensive  to  maintain 
in  good  order,  and  experience  has  shown  that  the 
)pe  haulage  with  trains  and  numerous  partings  is 
not  an  improvement  on  the  main  and  tail  rope  sys- 
is  not,  for  an  all-round  haulage,  equal  to  it. 

.    There  are  two  distinct  methods  of  arranging  the 
endless-rope  haulage.     In  one  of  them  that  has 


liiently  trii-d,  and  lias  nrvi.T  given  complete  satis 
the  rope  is  made  coiiiiiiuous,   both  for  the  mail 
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roads  and  the  branching  roads.  To  show  the  meaning  of 
this,  Fig.  8G1  is  introduced.  Looking  at  an  arrow  at  the 
bottom  of  the  figure  near  the  letter  y,  it  will  be  seen  that 
the  rope  advances  to  its  utmost  limit  into  the  mine,  and  then 
returns.  When  it  reaches  the  entrance  to  a  district,  awheel 
is  fixed  under  the  rails  at  M  for  deflecting  the  rope  into  the 
district.  It  now  advances  to  the  return  wheel  for  that  dis- 
trict, and  then  comes  back,  as  shown  by  the  arrow  on  the 
left-hand  side  of  the  figure.  It  then  returns  by  the  main 
haulage-road,  as  shown  by  the  arrow  a  little  above  the  letter 
/.  For  running  cars  into  a  district  shown  in  the  figure,  the 
empty  cars  are  turned  in  by  the  switch  at  y,  which  is  in 
charge  of  a  switch-keeper.  The  empty  cars  run  on  until 
they  pass  over  the  roller  near  //„  where  the  grips  are  fixed 
to  the  rope.  Then  they  proceed  on  their  journey  into  the 
district  workings.  In  the  same  way,  when  cars  are  return- 
ing by  the  main  haulage-road,  the  connection  of  the  grips 
with  the  rope  is  unmade  at  /  near  the  deflecting  wheel  J/, 
and  the  cars  run  with  their  acquired  momentum  until  they 
nearly  reach  the  roller  /  at  the  left  side  of  the  figure;  here 
the  connection  is  remade,  and  the  loaded  cars  advance  on 
their  journey  to  the  hoisting-shaft. 

2385.  The  chief  disadvantage  of  this  system  is,  that  the 
rope  undulates  so  much  with  the  varying  tension  that  the 
cars  travel  unsteadily,  and,  in  consequence,  the  rope  is  soon 
damai^ed.  The  unsteadiness  arises  from  two  causes:  1.  On 
a  lonj^  lead  of  rope  resting  on  rollers  sixty  feet  apart,  the 
vibrations  or  undulations  become  deep  and  rapid.  2.  The 
amount  of  elasticity  increases  with  the  length  of  the  rope. 
These  two  (a uses  ij:ive  to  the  cars  the  jerky  movement  that 
has  just  been  referred  to.  The  worst  of  all  is,  that  the 
Ioniser  this  continuous  band  of  rope  is  made,  the  heavier  the 
roi)e  must  be  for  the  increased  traction,  and  the  jerks  due  to 
such  a  heavy  ro{)e  l)C(N)n"ie  stronger  and  more  pronounced 
in  tlieir  character  than  those  produced  by  a  light  rope. 
The  system  of  usins^  a  continuous  band  for  a  main  and  dis- 
trict haulage  is  not  a  good  one;  this  becomes  more  evident 
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when  compared  with  the  system  in  which  the  haulage  ia 
done  with  a  series  of  bands.  When  a  district  rope  breaks,  it 
only  causes  a  local  stoppage,  whereas,  when  a  continuous 
band  breaks,  the  whole  of  the  mine  haulage  is  interrupted 
and  stopped  until  the  connection  is  remade. 

2386.  The  endless-rope  system  that  is  worked  with  a 
series  of  bands  is  in  practice  preferable  to  all  others.  Its 
mode  of  action  is  shown  in  Fig.  862. 

For  the  convenience  of  explanation,  this  mode  of  hauling 
is  called  the  multiple-band  system.  Fig.  8G2  illustrates  the 
character  of  the  mechanism  by  which  the  secondary  or  dis- 
trict bands  are  actuated.  In  the  figure  it  will  be  seen  that 
at  the  junction  of  the  district  bands  with  the  main  ones,  re- 
peating fleet-wheels  are  used;  for  example,  at ;//,  Fig.  802 (fl), 
the  main  haulage-band  makes  two  complete  turns  round  that 
fleet- wheel,  and  then  continues  its  onward  course.  The  wheel 
</,  Fig.  8G2  {b)y  around  which  the  main  rope  passes,  drives 
the  horizontal  fleet-wheel  ;;/  through  the  bevel-gears  ^,  k. 

The  horizontal  fleet-wheel  is  seen  in  the  plan  at  the  left- 
hand  side  of  ;//  in  the  plan  of  the  roads.  By  this  repeating 
fleet-wheel  connection,  a  separate  district  band  is  made  to 
haul  tlic  loaded  cars  out  of  J/ along  the  track  7^,  and  to  haul 
in  the  empty  cars  along  the  track  //,.  The  levers  ^  and  (? 
are  api)lie(l  to  clutch  the  horizontal  fleet-wheel  in  and  out  of 
gear.  When  no  work  is  coming  out  of  tlistrict  J/,  the  hori- 
zontal tleet-wlieel  is  thrown  out  of  gear,  and  w^hen  this  dis- 
trict liaulaj^e  is  reciuired  it  is  put  in  gear.  Tlie  advantage  of 
this  arraiii^einent  is  that  the  stress  on  the  rope  of  the  main 
haulage-band  is  greatly  rediu^ed,  for  it  seldom  happens  that 
all  the  district  bands  are  moving  at  one  time. 

2387.  Where  endless-rope  haulage  is  done  by  one  en- 
gine, the  stress  on  the  main  band  of  rope  is  very  great,  be- 
cause this  rope  must  sustain  the  stress  due  to  the  whole  of 
the  tratnion  of  the  mine  Therefore,  the  rope  of  the  main 
bands  must  be  very  lari^c  and  heavy,  or  otherwise,  after  it 
has])c«'n  in  u^<*  a  sh<>ri  time,  it  is  liable  to  break  and  produce 
Stoppages  and  drlays  iA   a  very  serious  character.      If  light 
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opes  are  used  on  the  main  band,  waste  can  be  avoided  by 
aking  them  oflf  after  they  have  been  used  a  short  time,  and 
ising  them  to  do  lighter  work  as  district  bands.     It  is  true 
hat  this  can  be  done  with  heavy  ropes,  but  the  waste  of 
energy  due  to  the  use  of  heavy  ropes  may  be  at  once  per- 
«ived  when  the  student  remembers  that  the  weight  of  these 
opes  increases  the  traction   due  to  friction,  and  thereby 
argely  augments  the  cost  of  generating  the  motive  power, 
t  is,  however,  evident  that  if  only  one  engine  is  employed 
or  a  general  endless-rope  haulage  in  a  large  mine  with  a 
arge  output,  all  the  difficulties  here  pointed  out  are  unavoid- 
ble.    They  may,  however,  be  prevented  entirely,  and  the 
)rstem  of  haulage  may  be  immensely  simplified  by  using 
lectric  or  compressed-air  motors,  or  gasoline-engines,  for 
orking  the  district  bands.     By  this  means,  two  great  ad- 
mtages  are  secured.     First,  when  a  district  band  is  not  run- 
ng,  there  can  be  no  waste  of  costly  energy,  and  when  the 
•pc  is  running  the  haulage  can  be  dojie  quickly  or  slowly, 
cording  to  the  exigencies  of  each  special  case,  thus  saving 
needless  waste  of  power.     Besides,  the  ropes  can  be  of  the 
rfatest  character,  consistent  with  economy  and  efficiency, 
id  thus  the  tractive  force  can  be  reduced.     Perhaps  the 
[lowing  remarks  will  clearly  illustrate  the  case  in  question  : 
Suppose  there  are  10  bands  of  rope  all  connected  with  re- 
ating  fleet-wheels;  then  the  main  bands  are  subjected  to 
e  stress  due  to  10  sectional  haulages.     Suppose,  again,  that 
I  the  bands  are  worked  by  separate  motors ;  then  each  rope 
ill  only  require  a  strength  sufficient  to  do  its  own  special 
3rk,  which  will  be  one-tenth  of  the  whole.     Consequently, 
►pes  of  one-tenth  the  strength  will  do  the  haulage  as  effi- 
ently  as  the  large  rope  previously  noticed.     It  is  sometimes 
•ged  that  transmitted  energy  is  attended  with  loss.     This 
true,  but  it  is  far  better  to  lose  25  or  30  per  cent,  of  the 
otive  steam-power  to  obtain  the  advantage  of  transmitted 
lergy  by  which  separate  motors  are  used  for  each  band  of 
>pcs,  because  the  tractive  force  is  reduced  by  the  reduction 
.  the  weights  of  the  ropes,  and  the  saving  of  energy  is  in- 
eased  by  reducing  the  velocities  of  the  district  bands  to  a 
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i  within  the  compass  of  the  work  to  be  done.  By  using 
gasoline -engines  for  the  district  haulages,  however,  there  is 
no  loss  due  to  transmitted  energy,  because  the  energy  re- 
qoired  is  generated  in  the  cylinder  of  the  engine. 

2388.  Extensive  systems  of  endless-rope  haulage  are 
'  sometimes  used  on  the  surface.  When,  as  sometimes  is  the 
case,  the  track  is  not  less  than  two  miles  in  length,  and  a 
great  Weight  of  coal  must  be  carried  over  the  road,  it  is  neces- 
sary that  the  cars  should  be  set  at  relatively  short  distances 
apart.  The  result  is  that  a  heavy  tractive  force  falls  on  the 
rope.  It  can  scarcely  be  urged  that,  in  a  case  like  this,  a 
coatinuous  lead  should  be  broken  for  reducing  the  weight  o( 
therope.  In  a  mine,  however,  this  reasoning  does  not  apply, 
because  there  a  single  band  can  not  be  used,  as  separate  bands 
are  required  for  each  of  the  districts  into  which  the  mine  is 
divided,  and  as  the  division  is  imperative,  all  the  advantages 
of  a  multiple  haulage  can  be  secured  by  using  separate  motors 
for  each  band.  To  do  these  separate  haulages,  however, 
electricity  or  compressed  air  must  be  used  to  transmit  en- 
ergy, or  gasoline-engines  must  be  used.  Which  of  these  three 
plans  may  be  preferred  depends  upon  the  conditions  met  with 
in  different  mines.  For  example,  the  transmission  of  elec- 
tric energy  would  sometimes  take  precedence.  This  being  the 
case,  it  might  be  suggested  that  it  would  be  wise  to  dispense 
with  the  ropes  altogether,  and  introduce  in  their  stead  elec- 
tric or  compressed-air  locomotives.  They  could  not,  how- 
ever, be  used  in  a  large  mine  with  a  large  output,  because 
the  trains  running  in  and  out  of  the  different  districts  would 
interrupt  one  another's  free  passage,  and  cause  great  delays 
in  the  contracted  roads  of  a  mine,  or  in  mines  where  the 
haulage  is  very  long,  and  principally  on  one  or  two  roads. 
The  same  may  be  said  of  compressed-air  locomotives.  Lo- 
comotives have  their  place  in  small  mines,  but  for  a  large 
output,  in  a  large  mine  with  a  number  of  districts,  no  system 
of  haulage  has  yet  been  introduced  that  furnishes  equal  facil- 
ities with  that  of  the  endless  rope.  It  does  its  work  cheaply 
and  efficiently  within   the  limits  of  the  ordinary  working 
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hours.  Locomotive  haulage  in  large  coal-mines  worked  in 
numerous  districts  is  altogether  out  of  the  question,  but  elec- 
tric or  compressed-air  motors  or  gasoline-engines  for  the 
main  and  district  haulage  give  to  the  endless-rope  system 
merits  that  are  unobtainable  by  any  other  means. 

23S9*  Before  considering  the  mathematical  questions 
that  arise  in  reference  to  endless-rope  haulage,  there  are 
certain  details  in  the  appliances  of  the  system  that  are 
wrorthy  of  attention,  and  should  be  somewhat  comprehensive- 
ly understood  by  the  mining  student.  These  will  now  be 
described.  ' 

TAIL  OR  RBTURN  SHBAVBS. 

2390*  As  previously  stated,  tail  or  return  sheaves  are 
fixed  at  the  inner  ends  of  the  tail-rope  haulage-roads  for 
reversing  the  direction  of  the  rope  and  leading  it  back  to 
the  hauling-drum.  Similar  sheaves  for  the  same  purpose 
are  used  for  the  various  bands  of  an  endless-rope  haulage 
system,  but  in  this  case  the  sheaves  are  mounted  on  cars, 
and  are  known  as  tension  or  balance  cars.  Their  mode  of 
action  will,  however,  be  taken  up  under  a  separate  head. 

2391*  Fig-  863  shows  a  horizontal  tail-sheave  which 
may  be  used  for  the  engine-plane  or  tail-rope  systems. 
The  cast-iron  spider  in  is  firmly  bolted  to  the  timbers  shown, 
and  is  provided  with  a  steel  or  wrought-iron  pin  ;/,  aroimd 
which  the  sheave  o  revolves.  That  part  of  the  pin  which 
passes  through  the  spider  has  a  smaller  diameter  than  that 
which  passes  through  the  sheave,  so  that,  by  screwing  up 
the  nut,  it  is  firmly  held  in  the  spider  without  clamping  the 
hub,  of  the  sheave,  and,  therefore,  offers  no  resistance  to 
the  free  turning  of  the  sheave.  To  prevent  the  sheave  from 
coming  off,  and  to  keep  dirt  from  entering  the  bearing,  the 
pin  is  provided  with  a  nut  and  washer;^.  For  properly 
lubricating  the  sheave,  the  pin  is  provided  with  an  oil-cup  ^, 
the  oil  from  which  flows  through  the  hole  of  the  pin,  as 
shown  by  the  dotted  lines. 

The  sheaye  should  be  rigidly  anchored,  so  that  there  is  no 
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were,  it  would  be  too  expensive,  unless  the  system  were  to 
be  a  permanent  one. 

In  the  figure  is  shown  a  common  method  of  anchoring  a 

sheave.     Here  the  foundation  is  built  of  12'  X  12'  timbers, 

to  which  the  spider  is  bolted,  the  bolts  passing  through  both 

timbers  as  shown.     At  a  distance  of  about  three  or  four  feet 

from  the  sheave  is  firmly  secured  in  the* ground,  at  an  angle, 

two  timbers  a  and  ^ ,  to  which  the  sheave  is  tied  by  the  rods 

^and  b.     One  end  of  each  of  these  rods  passes  through  the 

upper  foundation  timbers,  and  the  other  through  a  12'  X  12' 

timber  c  placed  on  the  outside  of  the  two  timbers  a  and  a. 

The  ends  of  the  rods  are  supplied  with  nuts  and  cast-iron 

washers.     For  preventing  the  rope  from  falling  off  the 

sheave  when  it  becomes  slack  or  when  the  stress  is  removed, 

two  timbers  d  and  d  are  firmly  fastened  in  the  ground  close 

to  the  sheave. 

2302*    Tail-sheaves  are  sometimes  arranged  as  shown 
in  Pig.  864.     Here,  the  sheave  O  is  in  a  vertical  position 


Fig.  864. 

and  revolves  in  bearings  a  placed  on  each  side.  It  is  firmly 
bolted  to  a  strong  rectangular  frame  b  made  of  heavy 
timbers.  The  sheave  is  elevated  a  certain  height  by  a 
wooden  structure  consisting  of  timbers  c  and  r,  rigidly  fast- 
ened between  the  bottom  and  roof  of  the  entry,  and  the 
horizontal  timber  d^  as  shown.     This  sheave  is  anchored  by 
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rigidly  fastening  a  post  e  at  an  angle,  and  wrapping  one  end 

of  a  chain/several  limes  around  it,  the  otiier  end  of  whicl' 
is  fastened  by  means  of  an  eye-bolt  to  the  frame-timber  6. 

2393.     In  Fig,  865  is  shown  another  method  of  anchor- 
ing a  vertical  tail-sheave.     Here,  two  heavy  timbers  a,  which 


are  strengthened  by  braces  d,  are  rigidly  fastened  in  a  ver- 
tical position  on  each  side  of  the  sheave.  The  joint  formed 
by  the  timbers  and  braces  should  be  so  made  that  there 
will  be  no  liability  of  the  brace  slipping  when  under  a  great 
stress.  This  may  be  done  as  shown  in  the  figure.  The 
bolts  which  hold  in  place  the  bearings  c,  in  which  the  sheave 
revolves,  pass  through  the  vertical  timbers  and  the  bracesA 
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ij  making  the  joint  as  shown,  the  bolts  are  Trholly  re- 
ieved  from  vertical  stress  due  to  the  brace  6. 

2394.  When  it  becomes  necessary  to  place  the  tail- 
teave  directly  under  the  track,  the  arrangement  shown  in 
'ig.  86G  is  generally  used.  A  pit  L  of  sufficient  depth  is 
rovided,  in  which  the  tail-sheave  0  is  placed.     At  a  distance 


f  about  30  or  36  feet  from  the  tail-sheave  is  located  a  de- 
ecting  or  guide  sheave  P.  The  rope,  in  coming  along  the 
mter  of  the  track,  is  deflected  by  this  sheave,  and  then  runs 
"ound  the  tail-sheave  as  shown. 

2305.  Tail  and  deflecting  sheaves,  around  which  a  rope 
'  19  wires  to  the  strand  is  to  be  run,  should  have  a  diameter 
'  not  less  than  60  times  the  diameter  of  the  rope ;  if  the  rope 
is  7  wires  to  the  strand,  its  diameter  should  be  not  less 
lan  100  times  the  diameter  of  the  rope. 

!2306>  When  locating  guiding  or  deflecting  sheaves 
ound  which  a  rope  is  to  be  led,  it  is  best  to  locate  them  in 
ich  a  manner  that  the  angle  formed  by  the  two  parts  of  the 
ipe  which  pass  around  the  sheave  is  as  large  as  possible. 
nee  the  greater  the  angle  the  smaller  the  stress  on  the 
tarings  in  which  the  sheave  revolves.  That  this  state- 
lent  may  be  clearly  understood,  reference  should  be  made 
)  Pig.  867,  which  represents  an  engine-plane.  Here  the 
igine  is  located  at  A  and  the  cars  are  at  B.  In  order  to  pull 
le  cars  in  the  direction  indicated  by  the  arrow  (and  for 
;her  reasons),  it  was  necessary  to  locate  three  sheaves,  as 
»own  in  the  figure. 

Assume  that  the  resistance  offered  by  the  cars  is  5  tons; 
len,  neglecting  the  friction  of  the  sheaves  and  the  rope, 
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the  tension  in  all  parts  of  the  rope  will  be  5  tons.     To  deter- 
mine  the  load  on  the  pin  of  the  sheave  C,  around  which  ii 
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revolves,  proceed  as  follows:  To  move  the  cars  B,  a  force  of 
5  tons  must  be  applied  to  the  part  a  b  ol  the  rope  in  the 
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direction  of  the  arrow  c.  There  is  also  a  force  of  5  tons  act- 
ing in  the  portion  of  the  rope  in  the  direction  of  the  arrow/ 
due  to  the  resistance  of  the  cars.  The  sheave  C^  owing  to 
these  two  forces  in  the  rope,  tends  to  move  towards  yon  the 
line  gj^  but,  as  a  matter  of  course,  is  prevented  from  doing 
so  by  the  pin  around  which  it  revolves,  and  by  the  anchor- 
ing. The  force  which  tends  to  move  the  sheave  C  towards/ 
along  the  line  gj  may  be  found  by  producing  the  center 
lines  of  the  portions  a  b  and  d  e  oi  the  ropes  until  they  inter- 
sect at  g.  To  any  convenient  scale,  lay  off  from  the  point 
of  intersection  g  the  points  //  and  i  on  the  portions  of  the 
rope  a  b  and  d  r,  respectively,  each  equal  to  5  tons.  Through 
the  point  h  draw  the  line  A/ parallel  to  the  portion  of  the 
rope  d  e^  and  through  the  point  /draw  the  line  /y  parallel 
to  the  portion  of  the  rope  a  b;  then,  draw  the  diagonally 
of  the  parallelogram.  This  diagonal  is  the  resultant,  and 
represents  the  greatest  force  acting  on  the  sheave  C. 
Measuring  it  to  the  same  scale  that  has  been  used  to  lay  off 
the  forces  g  h  and  g  /,  respectively,  its  value  is  found  to  be 
9J  tons.  This  9^  tons  represents  the  pressure  on  the  journal 
and  on  the  bearing  of  the  sheave,  and  is  nearly  twice  the 
stress  in  the  rope.  The  pressure  acting  on  the  sheaves  D 
and  E  is  found  in  a  similar  manner. 

In  ascertaining  the  pressure  on  the  sheave  /?,  the  direction 
-A  the  stress  in  the  portion  of  the  rope  k  b  must  be  consid- 
ered as  acting  from  k  towards  b  a^  as  shown  by  the  arrow  /; 
that  is,  it  must  be  regarded  as  being  produced  by  the  resist- 
ance of  the  cars.  The  direction  of  the  stress  in  the  portion 
"A  the  rope  g*  g'  due  to  the  pull  of  the  engine  is  from^' 
towards^',  or  in  the  direction  of  the  arrow  ;«.  Construct- 
ng  the  parallelogram  of  forces  as  above,  and  remembering 
:hat  the  tension  in  the  rope  still  remains  five  tons,  the  re- 
iultant  is  g*  J\  and  measuring  it  to  the  same  scale  as  has 
>ecn  used  to  lay  off  the  forces^'  /'and^'  h\  respectively, 
t  is  found  to  scale  6^  tons,  a  result  considerably  less  than  in 
:he  case  of  the  sheave  C.  It  will  also  be  noticed  that  the 
ingle  i'  g'  h\  formed  by  the  rope  led  around  the  sheave  D,  is 
:onsiderably  greater  than  the  angle  //  g  i  formed  by  the  rope 
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at  the  sheave  C,  In  a  similar  manner  is  found  the  resultant 
stress  ^'y  on  the  sheave  E\  measuring  it  to  the  scale  used 
to  lay  off  the  force  ^'  h'  and^'  i',  respectively,  it  is  fotmd 
to  equal  about  5.56  tons.  In  a  ^similar  manner  the  resultant 
stress  on  any  sheave  may  be  found.  It  matters  not  whether 
the  sheave  be  placed  in  a  vertical,  horizontal,  or  angular 
position. 

The  above  results  indicate  the  best  method  of  placing  the 
spiders  to  resist  the  stress  on  the  sheave ;  namely,  as  shown 
in  the  figure,  with  the  long  side  of  the  timbers  which  sup- 
port the  spider  parallel  to  the  resultant  gj,  g*  J\  ^^  g' J'^ 

From  the  above,  it  is  quite  evident  that  a  sheave  may  be 
used  very  satisfactorily  in  one  place  and  not  at  all  in  an- 
other. Thus,  referring  to  Fig.  8G7,  a  sheave  placed  at  E 
would  be  subjected  to  a  load  of  only  5.56  tons,  while,  if  it 
were  placed  at  C^  it  would  be  subjected  to  9^  tons,  or  would 
have  about  double  the  load  on  it.  The  sheave  placed  at  E 
could  be  considerably  lighter  than  the  one  placed  at  C. 


TENSION,  OR  BALANCB,  CARS. 

2397.  A  new  wire  rope  permanently  elongates  or 
stretches,  on  account  of  the  twist  of  the  strands,  from  about 
1  to  1  \  per  cent,  of  its  total  length.  Thus,  a  rope  1  mile,  or 
5,280  feet,  long  of  an  endless-rope  haulage  plant  will  con- 
tinually become  lonj^^er  until  it  obtains  a  length  of  about 
5,280 -f  5,280  X  .015  =  5,359.2  ft.,  or  it  increases  in  length 
about  70.2  ft.  There  will  be  a  continual  variation  in  the 
length  of  the  rope  due  to  the  temperature  of  the  atmosphere, 
which  will  cause  the  rope  to  expand  or  contract.  A  steel- 
wire  rope  will  expand  or  contract  .00000599  of  its  length, 
and  an  iron- wire  rope  .00000080  of  its  length,  for  each 
degree  of  chanj::^c  in  temi)erature;  hence,  if  the  above  rope 
were  of  steel,  it  would  be  5,:)50.2  X  (100  —  32)  X  .00000599  = 
2.183  ft.  longer  in  summer  when  the  thermometer  stands 
at  100°  than  in  winter  at  32"^;  and  an  iron-wire  rope  would 
be  5,350.2  X  (100  -  32)  X  .00()()008r,  =  2.5  ft.  longer.  Were 
no  provisions  made  for  this  increase  and  decrease  in  the 
length  of   the  rope,  the  rope  would   be  slack  at  one  time 
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and  tight  at  another, 
and  if  the  rope  were  led 
around  a  fixed  tail- 
sheave,  as  JQ  the  case 
of  the  engine-plane  and 
tail  rope  s)  stem,  it  would 
fall  off  the  sheave.  Be- 
sides, when  the  rope  is 
I  slack,  the  required  ad- 
-  hesion  of  the  rope  to  the 
driving  drums  can  not 
be  secured  with  which  to 
haul  the  load.  Arrange- 
ments b}  which  the  rope 
IS  aJwajs  kept  in  a  tight 
state  are  called  tension, 
or  balance,  cars.  An 
■irrantjement  used  for 
this  purpose  should  oper- 
ate automatically,  so  that 


.  ^^n 


at  no  time  i^ 
the   rope  be  in  4 

slacL  state     A  ten- 
sion  or  balance  cat 
shtnn  m  Fi 
The  ';hea\e  is  fastened 
to  a  mi\able  carriage  ■!, 
con'il'iting  of  a  spider  pro- 
Mded  with  wheels       To  the 
carria^p  is  fastened  one  end 
cf  the  chain  £,  the  other  end 
being  fastened  to   a  small  drum 
li      In  a  pit  near  the  b-iiancc  tar 
13  located  a  weight  J[     bj    which  a 
tension    is  maintained     m    the    wire 
rope,  and  which  always  tends  to  move 
tlie  car  towards  the  right.      The  weight 
is  hung  to  a  wheel  D  which  runs  on  the 
chain  t",  the  chain  being  led 
deflecting    sheave  £.      On    the    shaft 
carrying  the  drum  B  is  rigidly  fastened 
1-wheel  F  meshing  with  a  worm 
G,    and  operated  by  a  hand-wheel  H 
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Mter  the  wire  rope  has  expanded  enough  to  cause  the  weight 
W  to  hang  quite  low  in  the  pit,  the  weight  is  raised  by 
turning  the  hand-wheel  I/^  which  causes  the  drum  to  revolve 
through  the  intervention  of  the  worm  and  the  worm-wheel, 
thus  shortening  the  chain  C.  The  weight  IVin  this  case 
has  a  movement  of  only  one-half  that  of  the  carriage,  but 
must  be  twice  as  heavy  as  one  that  simply  hangs  at  the  end 
of  the  chain.  The  rails  on  which  the  balance-car  travels 
should  be  turned  up  at  their  ends,  as  shown  in  the  figure, 
so  as  to  form  an  obstruction  beyond  which  the  car  can  not 
pass.  It  is  well  to  have  a  second  rope  or  chain  lying  loose, 
having  one  end  fastened  to  the  car  and  the  other  to  the 
drum  B^  so  that  in  case  the  first  breaks  the 'second  takes  its 
place. 

2398.  In  Fig.  869  is  shown  another  arrangement  of  a 
tension-car.  A  heavy  car  carrying  the  sheave  is  placed  on 
I  short  inclined  plane.  The  rope  coming  along  the  center  of 
•ne  track  is  carried  over  the  deflecting  sheave  A^  then  passed 
round  the  sheave  of  the  balance-car,  and  is  then  led  back 
ver  the  road.  The  inclination  of  the  plane  and  the  weigh  ^ 
f  the  balance-car  are  such  that  the  proper  tension  in  the 
ope  is  maintained  by  the  tendency  of  the  car  to  descend 
he  plane;  any  expansion  or  contraction  of  the  rope  is 
mmediately  taken  up  by  the  car. 

2399«  When  it  is  required  to  provide  tension  arrange- 
aents  for  the  expansion  and  contraction  of  the  rope  only, 
he  permanent  stretch  of  the  rope  being  taken  up  by  other 
aeans,  the  arrangements  shown  in  Figs.  870  and  871  nay  be 
ised.  In  Fig.  870,  the  rope  is  led  over  two  sheaves  A  and 
?,  firmly  held  by  suitable  supports.  In  the  center,  between 
hese  sheaves,  is  erected  timber-work,  so  constructed  that  a 
hird  sheave  C  can  work  up  and  down.  The  sheave  C  has 
.weight  I^hung  to  it,  and  therefore  causes  a  tension  in  the 
ope.  When  the  rope  expands,  the  sheave  C  and  weight  JV 
lescend,  and  when  it  contracts  they  ascend. 

In  Fig.  871  a  somewhat  different  arrangement  is  shown. 
lere,     cast-iron    standards    having   suitable   bearings   are. 
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provided  for  the  sheaves^  and  5.     At  the  upper  extremity  of 
the  larger  standard  is  located  a  lever  C,  carryinga  shaveD 


at  one  end  and  a  counterpoise  Wat  the  other.     The  counter- 
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poise  is  so  constructed  that  it  can  be  moved  along  the  short 
arm  of  the  lever,  so  that  the  tension  in  the  rope  can  be 
properly  adjusted. 

2400<  The  rope  of  an  endless-rope  haulage  system 
should  always  be  led  around  a  tension  or  balance  car  located 
at  the  far  end  of  the  road.  Sometimes  the  rope  is  led  around 
a  tail-sheave  firmly  fixed,  no  means  of  a  uniform  tension  in 
the  rope  being  provided  for.  This  is  altogether  wrong,  and 
should  not  be  practised. 

A  tension-car  should  always  be  placed  close  to  the  driving 
machinery.  This  is  very  essential  for  the  proper  working 
of  the  system,  as  otherwise  it  would  be  impossible  to  secure 
the  requisite  adhesion  of  the  rope  to  the  drum  in  order  to 
haul  the  load.  The  slack  or  running-off  portion  of  the  rope 
should  always  be  led  around  the  sheave  of  the  balance-car, 
for  the  slack  can  not  be  taken  up  on  the  loaded  side. 

CABLB-GRIPS  FOR    BNOLESS-ROPB  HAULAGE. 

2401>  Pig-  673  furnishes  an  illustration  of  the  mode  of 
attaching  a  car  to  a  cable  in  an  endless-rope  haulage  system. 


The  grip,  it  will  be  seen,  is  coupled  by  a  bar  b  to  the  car. 
At  the  moment  the  coupling  is  made,  the  lever  a  is  lying 
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down  on  the  coupling-bar  li,  so  that,  when  a  is  raised,  the 
jaws  of  the  grips  close,  and  immediately  the  car  advances 
with  the  cable.  To  disconnect  the  car,  the  lever  a  is  pushd 
down,  the  jaws  are  released,  and  the  car  is  brought  to  rest 
Sometimes,  however,  its  momentum  must  be  destroyed  by 
inserting  sprags  in  the  wheels. 

2402.     One  of  the  simplest  of  the  grips  is  the  old-iash- 
tMied  grip-tongs  shown  in  Fig.  S73.      It  consists  of  two  jaffs 


I  Ktd  b,  having  handles  a'  and  b'  respectively.     The  jats 


Fig.  sn. 

are  held  together  by  a  pin  c,  having  a  nut  on  its  other  end. 
That  part  of  the  pin  which  passes  through  the  handles  is  o! 
smaller  diameter  than  the  part  to  which  the  chain  d  is  fast- 
ened. A  shoulder,  therefore,  is  formed  on  the  pin  which 
prevents  any  side  movement  of  the  jaws.     The  grip  is  fast- 
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led  to  the  car  by  the  chain  d,  the  hook  being  attached  to 
le  drav-bar  of  the  car.  The  jaws  of  the  grip  have  a 
■escent  shape,  so  that  the  cable  can  be  held  between 
lem.  The  friction  between  the  jaws  of  the  grip  and  the 
ible  being  greater  than  the  resistance  of  the  car,  the  latter 

moved  along  with  the  speed  of  the  cable.  To  obviate  the 
icessity  of  continuously  holding  the  jaws  together  so  as  to 
»ul  the  load,  a  link  f  is  wedged  over  the  handles.  Not- 
ithstanding  that  this  grip  is  very  simple  in  construction, 

is  found  to  be  very  cumbersome;  it  can  only  be  used  for 
tuling  light  loads. 

2403.  Where  heavy  loads  are  to  be  hauled,  it  is  neces- 
iry  that  the  construction  of  the  grip  be  such  that  a  greater 
ressure  can  be  exerted  on  the  cable  by  the  jaws  of  the  grip 
lan  in  that  shown  in  Fig.  873.  A  grip  which  will  do  this, 
id  one  which  is  extensively  used,  is  shown  in   Fig.  874. 


Fio.  m*. 
his  consists  of  two  plates  or  frames  m  and  n  bolted  together. 
ach  frame  has  on  its  inner  side  a  channel;  these  lie  oppo- 
te  to  each  other,  forming  a  recess  in  which  the  shank  b  of 
le  upper  jaw  O  can  slide  up  and  down.  The  lower  jaw/ 
part  of  the  frame  m,  and,  therefore,  remains  stationary 
relation  to  the  frames  m  and  n.  Between  the  upper 
itremities  of  the  frames  is  provided  a  lever  r  for  operating 
,e  slidinjj-Jaw  o.     This  lever  has  trunnions  s  and  s'  which 
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work  in  bearings  /  and  /'  fitted  to  the  frames.  That  end  or 
part  of  the  lever  which  works  between  the  frames  is  of  such 
a  shape  that,  when  the  lever  is  swung  over  to  the  opposite 
sides,  it  forces  the  jaw  o  downwards,  and  causes  it  to  grip  tht 
cable  firmly.  After  the  jaws  a  and  /•  are  worn,  so  that  the 
pressure  required  to  haul  the  load  can  not  be  secured  hj 
swinging  the  lever  r  to  the  opposite  side,  the  end  of  the 
lever  between  the  frame  is  lowered  by  forcing'  the  bearings 
t  and  f  doirnirarda  by  means  oi  thaiet  acrsm  Mf  %  ifter 
which  the  cable  can  again  be  gripped  finnfy.  Tooanette 
jaw  tt  to  clear  the  cable  after  the  grip  has  been  released,  i 
pin  v  is  fastened  to  the  shank  ^  of  the  jaw  o,  which  projects 
Uirougll  an  elMigated  hole  t  in  the  frame.  Firmly  securrf 
to  the  lever  r  is  another  pin  «/,  and  to  the  frame  u  is  pivoted 
a  bell-crank  x,  having  the  upper  edge  of  the  arm,  which  is 
nearly  perpendicular,  inclined.  As  the  lever  r  is  raised  to  a 
vertical  position,  the  jaw  « is  moved  downwards,  also  the  pin 
»,  thereby  causing  the  bell-crank  *  to  swing  on  its  center. 
In  returning  the  lever  rto  its  ordinal  position,  the  pin  w 
strikes  the  nearly  perpendicular  arm  of  the  bell-crank  i, 
causing  it  to  take  the  position  shown  in  the  figure,  thereby 
raising  the  jaw  a  by  the  pin  v.  The  grip  is  made  of  steel, 
excepting  the  jaws  o  and/,  which  are  lined  with  soft  metal; 
these,  when  worn  out,  can  easily  be  replaced.  This  grip  is 
fastened  to  the  car  by  a  rod  having  a  hook  at  one  end,  part 
of  this  bar  being  shown  at^. 

2404.  When  the  cars  are  run  singly,  each  car  most  be 
provided  with  a  grip ;  but  if  they  are  run  in  trains,  a  power- 
ful grip  may  be  attached  to  the  first  car,  or  the  grip  maybe 
mounted  on  a  special  car,  to  which  the  whole  train  of  cars 
may  be  attached.  The  special  car  carrying  the  gripiscalled 
the  grip-car,  and  the  grip  is  applied  to  the  rope  by  cither  a 
combination  of  levers  or  a  hand-wheel.  In  Fig,  875  is 
shown  a  grip-car,  which  consists  of  a  strong  timber-frame 
mounted  on  wheels.  The  grip  is  fixed  in  the  center  of  the 
car  in  such  a  manner  that  no  longitudinal  movement  caa 
take  place;  it  may,  however,  be  moved  sideways  automatic- 
ally, in  order   to  clear  the, guiding-sheaves  when  passing 
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ind  curves.  The  car  is  provided  with  brakes  b  and  b 
stopping  the  car  more  quickiy,  and  to  prevent  any  move- 
it  of  the  train  on  slight  inclines  when  the  grip  is  released 


Fig.  87B. 
D  the  rope.     The  grip  is  operated  by  the  lever  c,  and  the 
ces  by  the  lever  d  \  it  is  placed  sufficiently  high  to  clear 
track -rollers.  

X:UI.ATIOKS  BBLATING  TO  BNnLESS-ROPe  HAULAGE. 

.405.     Tbe   Number   of    Cars   and  tbe  Distance 
ey  Are  Set  Apart  on  a  Main  Haulage-Band. 

et  0=  the  output  of  coal  in  tons  per  day ; 

o  =  the  weight  of  coal  in  tons  a  single  car  will  carry; 
tf,  =  the  weight  of  coal  in  the  cars  attached  to  the 

haulage -band ; 
D  =  the  distance  traveled  by  a  point  in  the  rope  in 

one  day ; 
d  =  the  distance  traveled  by  the  rope  from  the  return 

sheave  to  the  hoisting-shaft; 
n  =  the  number  of  full  cars  on  the  main-rope  band; 
r  =  the  distance  between  cars  on  the  rope, 
Od 


~  2J  ■ 
Od 


(206.) 

{207.) 
(208.) 
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To  ondentand  these  expressions,  notice  that  Wd  a  Ha  '' 
distance  a  point  in  the  rope  moves  through  in  passing  from 
the  return  wheel  to  the  hoisting-shaft,  and  that  if  Z7  is  the 
distance  a  point  irould  move  through  in  a  day,  supposing  it 

alvays  to  be  traveling  shaftwards;  then,  yj  will  represent 

the  fraction  of  the  coal  hauled  in  one  outward  journey  of 

the  point;  that  is^  it,  =  ?^. 

Again,  «  =  ->,  because  if  the  we^ht  of  coal  hauled  in  one 
journey  is  equal  to  o,,  and  o  is  the  weight  of  coal  one  carwiH 
carry,  then  -^  a  equal  to  the  number  of  loaded  cars  on  the    ' 
rope,  for  the  rope  will  throw  off  at  the  shaft  that  number 
for  each  distance. 

Hence,  n  =  -jr-  and  ^  =  — ,  the  distance  the  cars  are  apart 

on  the  rope,  for  if  d  is  the  distance  from  the  return  sheave   J 
to  the  bottom  of  the  shaft,  and  «  is  the  number  of  carsoo  ] 

the  main  rope,  -  must  be  equal  to  the  distance  the  cars  are 
apart. 

Example.— It  is  intended  that  the  output  of  a  mine  shall  be  8,W 
tons  of  coal  per  day.  The  length  of  the  road  from  the  return  wheel  to 
the  shaft  is  6.600  feet,  the  amount  of  coal  a  car  carries  is  1  ton,  tbt 
velocity  of  the  rope  is  3  miles  an  hour,  and  the  time  of  one  day  is 
10  hours.  If  the  mean  time  of  running,  when  allowance  is  made  for 
stoppages,  is  90  per  cent,  of  the  given  working  day,  what  will  be  tlic 
number  of  loaded  cars  on  the  main  haulage-band,  and  what  will  be 
their  distances  apart,  the  weights  being  given  in  long  tons  ? 

Solution.—  (3  =  2,240  X  8.000  =  6,720,0001b.;  o  =  8,340  lb.;  rf  = 
6,600  feet;  D  =  G.380  X  S  X  10  X  .90  =  142,S60  ft.  Hence,  by  substi 
tuting  these  values  in  formula  207,  we  have 

_     Orf     6,730,000x6.600      ,„...        ,„ 

"  =  D-o=   142,560X8,240   =  ^^-^^  "^  *"■ 

the  average  number  of  cars  on  the  main-rope  band.    Aaa> 

Prom  formula  2U8, 

the  mean  distance  the  loaded  cars  are  set  apart  on  the  rope.    Ana 
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2406*  To  realize  the  meaning  and  value  of  the  equa- 
tions in  the  last  example,  consider  another  example  similar 
to  the  last,  except  that  the  length  of  the  main  band,  or  what 
is  the  equivalent  of  that,  the  length  of  the  main  haulage-road, 
is  changed.  Under  such  conditions  it  will  be  found  that, 
although  the  length  of  the  band  is  shortened  and  the  num- 
ber of  cars  on  it  is  less,  the  distance  they  are  apart  is  the 
same. 

Example. — Suppose  that  in  the  example  given  in  Art.  2405  the 
length  of  the  road  from  the  return  wheel  to  the  shaft  was  3,300  feet, 
instead  of  6,000  feet,  what  would  be  the  number  of  loaded  cars  on  the 
main  haulage-band,  and  how  far  apart  would  they  be  placed  ? 

Solution. — Applying  formula  207,  we  have 

^  _  ^  ^_  6,720,000  X  8,300  _  .  _ 

Do"  142,560X2.240   -'>*'•***- 
average  number  of  cars  on  the  main-rope  band.    Am. 
Also,  by  applying  formula  208,  we  have 

d       8,800       J-,  ^g.  -^ 

the  distance  the  loaded  cars  are  apart  on  the  rope.    Ans. 

Prom  the  above  example,  it  is  plain  that,  by  halving  the 
length  dy  the  number  of  cars  on  the  rope  is  halved,  and  yet 
the  distance  the  cars  are  apart  remains  the  same.  From 
these  facts  an  important  point  is  learned ;  that  is,  that  if 
none  of  the  factors  are  altered  but  the  length,  a  long  band 
delivers  as  many  cars  at  the  hoisting-shaft  as  a  short  one. 
That  is,  if  the  cars  are  set  at  the  same  distances  apart  on 
the  rope,  and  the  velocity  remains  the  same,  the  output  is 
alike  for  all  distances.  This  principle  of  action  is  the  same, 
however,  in  relation  to  gravity-planes,  engine-planes,  and 
main  and  tail  rope  haulages;  for  if  the  lengths  of  the  trains 
are  made  proportional  to  the  lengths  of  the  haulage- roads, 
then  with  the  same  velocity  equal  weights  are  hauled  to  the 
shaft  in  equal  times.  Consequently,  when  the  length  of  the 
endless-rope  haulage  is  doubled,  and  the  number  of  cars  on 
the  band  is  doubled,  and  where  the  length  of  a  main  and 
tail  rope  haulage  is  doubled,  and  the  number  of  cars  in  a 
train  are  doubled,  if  the  velocity  remains  the  same,  the  out- 
put will  be  the  same  in  equal  times  in  each  case. 


KM 

2407.  Tta*  Waistate  of  HsolftKe-Ropea  In  Hela* 
tUM  to  Their  Vslodtl**. — F&t  tyuai  outputs  in  equal 
times,  the  weights  of  the  kaml4tg^r-r9pes  vary  inversely  as  the 
relocitiet.  For  example,  when  the  velocity  is  doubled,  the 
weight  of  the  rope  is  halved,  iot  two  reasons:  (1)  the  safe 
working  loads  of  r(^>es  vary  directly  as  their  weights;  (:£)as 
the  velocity  of  a  rope  increases,  the  load  on  it  is  reduced;  that 
is,  when  equal  amounts  of  work  are  done  in  equal  timoa. 

Iiet  /sthe  load  or  tension  in  the  rt^; 
V  =s  the  velodty ; 
n  =  the  units  of  work  dom^ 
Then  U^lv,  (209.) 

EzAMPLB.— In  one  ca«e  •  tenaloD  of  4,000  poondt  on  a  hatibfMvf* 
Is  nqnlred  to  more  a  train  of  SB  loaded  con  with  a  velodtr  of  W  aiilM 
an  hottr,  and  in  another  caae  a  tension  of  8.000  pounds  is  lequiiBd  IB 
'  move  00  loaded  cara  with  a  velodty  <A.  10  miles  an  hoar.  Prove  OitS 
the  diameter  of  the  rope  that  hauls  with  a  velocity  of  90  AOes  an  bov 
ill  inch,thediameterof  the  rope  that  hauls  with  a  velocity  of  10  n&i 
an  hour  must  not  be  less  than  L41i  inches. 

Solution.—  4.000  x  90  =  8.000  X  10;  therefore,  2/  in  one  case  ii 
equal  to  that  of  the  other. 

Again,  as  the  tension  on  a  rope  is  equal  to  the  load,  and  as  the  sife 
working  load  of  a  rope  varies  as  its  transverse  or  sectional  area  or  its 
neight  per  unit  of  length,  it  follows  that  the  diameters  of  ropes  wiU 
vary  as  the  square  roots  of  the  loads  or  sectional  areas.  Tben,  if  tbe 
diameter  of  the  rope  for  a  load  of  4.000  pounds  is  1  inch,  the  diamete 
of  the  rope  for  a  load  of  8,000  pounds  will  be 

r  iTKin  ~  I'^l*  inches.  Ans. 
This  means,  also,  that  if  equal  weig;hts  of  coal  are  hauled 
in  different  numbers  of  trips  through  equal  distances  in 
equal  times,  the  diameters  of  the  ropes  vary  inversely  as 
the  square  roots  of  the  numbers  of  trips.  To  make  this 
clear,  suppose  one  engine  A  hauls  out  four  trips  while  an- 
other B  hauls  out  one,  and  that  in  10  hours  they  both  haul 
out  1,000  tons  through  a  distance  of  S,000  feet;  then  the 
tension  on  the  A  rope  is  only  one-fourth  of  that  on  the  B 
rope,  because  ^'s  load  is  only  \  that  of  B's.  Therefor^,  the 
diameter  of  A's  rope  requires  to  be  only  ^  that  of  B%  be- 
cause f'i=  .5. 
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2408*    From  the  conclusions  here  arrived  at,  it  might 
be  considered  that  fast  running  would  secure  considerable 
economy  in  hauling,  for  not  only  would  the  traction  due  to 
the  friction  of  a  heavy  rope  be  reduced  by  hauling  with  one 
of  much  less  weight,  but  first  cost  of  ropes  would  be  much 
reduced.     But  such  is  not  the  case,  because  another  factor 
of  stress  is  introduced  by  high  speeds  that  is  hardly  felt  in 
low  ones.     For  example,  when  an  endless-rope  haulage  is 
done  with  a  velocity  of  even  four  miles  an  hour,  the  ropes 
soon  become  kinked,  flattened,  and  permanently  injured  by 
the  grips.     To  start  a  heavy  car  from  a  state  of  rest,  and 
give  it  a  velocity  of  4  miles  an  hour,  greatly  strains  the  rope; 
therefore,  for  this  velocity,  ropes  must  be  made  larger  than 
those  required  for  the  stress  due  to  ordinary  traction.    Some 
idea  of  this  stress  may  be  obtained  by  noticing  that  it  varies 
as  the  square  of  the  velocity.     The  stress  due  to  starting  a 
car  in  motion  at  4  miles  an   hour   is  equal  to  the  square 
of  4,  or  16,  as  contrasted  with  the  stress  due  to  starting  one 
with  a  velocity  of  3  miles  an  hour,  which  is  equal  to  3*  =  9. 
To  further  show  the  importance  of  this  stress,  let  an  endless- 
rope  haulage  be  run  at  6  miles  an  hour;  for  this  speed,  the 
number  of  cars  on  the  rope  in  a  given  distance  would  be 
half  the  number  required  to  be  put  on  a  rope  moving  with  a 
velocity  of  3  miles  an  hour.     Then,  from  this  point  of  view, 
the  diameter  of  the  rope  subject  to  half  the  former  load 
would   for  a  velocity  of  6   miles   an  hour   be   reduced   to 
yf  =  .707  of  its  original  diameter. 

On  the  other  hand,  the  stress  due  to  setting  the  cars 
suddenly  in  motion  on  a  G-mile  velocity,  as  contrasted  with 
a  3-mile  velocity,  would  be  as  the  squares  of  the  velocities; 
consequently,  if  the  diameter  of  a  rope  for  a  3-mile  veloc- 
ity were   one   inch,   that   for   a   G-mile  velocity    would   be 

3^      6' 

—  X  5j-  =  2-^2^  inches,  assuming  that  the  tension  on  the 
6       3 

rope  due  to  traction  is  equivalent  to  the  encrp^y  required 
to  suddenly  set  a  car  in  motion  from  a  state  of  rest  to  that 
of  a  velocity  of  3  miles  an  hour. 
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2409»  From  what  has  been  shown,  it  is  evident  that 
the  velocity  at  which  the  cars  should  run  on  an  endless-rope 
haulage  requires  calculation.  For  example,  if  an  endless 
rope  has  a  velocity  of  4  miles  an  hour,  the  damage  done  to 
the  ropes  by  the  grips  is  very  serious;  but  there  are  other 
troubles  that  require  notice.  In  the  first  case,  it  is  not  safe 
for  a  person  who  is  inspecting  the  road  to  cross  a  double 
track  of  this  character.  Again,  the  cars  leave  the  rope  at 
too  high  a  velocity,  and  are,  therefore,  not  sufficiently  under 
control  at  the  period  when  they  are  detached.  The  best 
results  of  the  endless-rope  haulage  are  obtained  with  a  veloc- 
ity not  exceeding  2  miles  an  hour ;  for  then  persons  having 
to  work  on  the  tracks,  such  as  oiling  the  rollers,  inspect- 
ing the  roof,  sides,  and  timber,  and  doing  the  necessary 
inspection  and  repairs  of  rails,  ties,  etc.,  are  able  to  take 
care  of  themselves.  This  is  an  important  matter,  for  great 
delay  and  expense  is  saved  by  proper  inspection  and  repairs. 
It  is  true  that  a  velocity  of  2  miles  an  hour  necessitates  the 
use  of  heavier  ropes  for  traction ;  but  the  damage  to  ropes 
produced  by  the  car-grips  is  reduced  to  a  minimum,  and, 
indeed,  becomes  so  small  a  matter  that  in  practice  its  con- 
sideration may  be  neglected. 

241 0.  These  remarks  refer  to  underground  haulage, 
but  on  the  surface  a  velocity  of  3  miles  an  hour  may  be  used 
with  good  results.  This  velocity  should  never  be  exceeded  on 
a  typical  endless-rope  haulage,  even  on  the  surface.  Run- 
ning trains  of  a  number  of  cars  together  with  endless  rope 
is  not  worthy  of  much  consideration;  for  if  the  student  con- 
siders the  heavy  weights  being  suddenly  jerked  into  motion 
by  the  rope,  he  will  have  some  idea  of  the  great  destruction  of 
ropes  that  must  arise  from  an  inert  resistance  of  this  character. 

241 1.  In  the  English  mines,  the  endless  ropes  generally 
lie  on  the  tops  of  the  cars,  called  tubs;  in  the  United  States, 
the  ropes  generally  lie  under  the  cars,  and,  in  cases  where 
this  system  of  haulage  is  modified  for  hauling  groups  of  cars 
in  trains,  the  ropes  are  sometimes  gripped  to  the  sides  of 
the  cars. 
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2412*  Tension  on  tlie  Ropes  and  tlie  Horse- 
po^virerB  of  Bndlefl»-Rope  Haulages. 

Let  JF=s  the  weight  of  the  loaded  cars  on  one  side  of  a  rope 
band; 
Wj  =  the  weight  of  the  empty  cars  on  the  ingoing  side 

of  a  rope  band ; 
w  =  the  weight  of  a  rope  band ; 
C  =  ^  =  the  coefficient  of  friction ; 
a  =  the  mean  grade  per  cent. ; 
T  =  the  tension  in  the  rope  in  pounds. 

The  following  expression  is  the  equivalent  of  the  tension 
on  the  haul-out  side  of  the  rope,  and  it  is  true  for  the  same 
side  of  all  the  bands  in  the  series: 

Observe  that  the  weights  of  the  cars  carrying  the  coal  are 
balanced  by  the  weights  of  the  empty  cars.  Again,  the 
weight  of  the  rope  on  one  side  of  the  band  is  balanced  by 
the  rope  on  the  other  side  of  it,  and,  therefore,  the  only 
weight  that  develops  a  gravity  force  is  that  of  the  coal; 
hence,  in  equation  21 O9  a  (W  —  wj  represents  the  gravity 
force. 

Example. — The  track  of  a  single  endless-rope  haulage-band  is 
1  mile  in  length,  and  the  rope  hauls  out  800  long  tons  of  coal  in 
10  hours.  The  cars  carry  1  long  ton  of  coal,  and  an  empty  car  weighs 
1,760  pounds.  The  velocity  of  the  rope  is  2  miles  an  hour,  and  the 
size  of  the  rope  is  such  that  it  weighs  2  pounds  per  foot  of  length. 
What  is  the  tension  on  the  rope  and  the  horsepower  of  the  hauling- 
engine,  supposing  the  mean  grade  of  the  road  to  be  level  ? 

Solution.—  O,  the  output,  =  800x2,240  =  1,792,000  lb.;  o,  the 
weight  of  coal  carried  by  one  car,  =  2,240  lb. ;  //,  the  length  of  the 
track,  =  5,280  ft. ;  A  the  travel  of  the  rope  in  90  per  cent,  of  10  hours,  = 
5.280  X  2  X  10  X  .90  =  95.040. 

Applying  formula  207, 

Oti     1,792,000x5,280      . ,  . ,   ^,  ,         fy     aa 

n  =  -7T-  =    ^e  f..r. — s-vTiii—  =  44.44,  the  number  of  loaded  cars. 
Do        95,040x2,240 

W=U.U  X  4,000  =  177,760  lb. ;  Wt  =  44.44  X  1.760  =  78.214.4  lb.  ; 
and  w  =  5,280  x  2  X  2  =  21,120  lb. 


106  IfniB  HAVLAOfi.  Ill 

Allying  fonnola  210f 

8,097.86  lb.»  the  tension  required.    Ans. 

Observe  that  the  expression  m^W^w^  becomes  9'la  tiiii  CiiAi 
becsnse  the  road  is  lev^  irhich  makes iiss4lt 
Again,  the  horsepower  can  be  lottnd  ait  lolkyvs; 

8.890  Xd  - 

V,  the  velocity  in  feet  per  minnte  n  ^  ^r>n    aglffl  ft. 

Substituting  in  formtda  :M2, 

^  =  ipOO- S;000 -W-»5H-P-    Ana. 

BxAJiPUi. — ^Let  the  given  values  be  the  same  as  in  the  preyiotn 
example,  except  that  the  road  has  a  mean  up  grade  to  the  shaft  ol 
'2  percent.    The  tension  on  the  rope  and  the  horBq;wwer<rf  the  haalagfr 
engine  is  required. 

Solution.— Applying  formula  2IO9 

^m,7(K)  +  TO,ai444>gl4«>)  ^  ^  ^^  ,^  _  78,»144)  =  8.W8J?  Ih^ 

the  tension  required.    Ans. 

Applying  formula  202, 

rr_    Tv    _  8.918.27  X  176  _  ,^  ^^  „        _ 

^  -  83,000  "  33,000         ""     *      "'     '  •" 

the  horsepower  required.     Ans. 

Example. — Let  all  the  values  be  the  same  as  in  the  first  example, 
except  that  the  road  is  down  grade  to  the  shaft  at  the  rate  of  2  per 
cent.     Find  the  tension  on  the  rope  and  the  horsepower  of  the  engine. 

Solution. — Applying  formula  210, 

(177.760-^:8  214.4  ^21.120)  _  ^^^  ^^^  ..^  _  .g  ^^^^^  ^  ^^^  ,^  ^ 

the  tension  required.     Ans. 

Here  the  gravity  force  a{lV—  7v)is  minus,  because  it  acts  towards  the 
engine. 

Applying  formula  202, 

-,        Tv  4,986.40X176       o^  00  tt  r»    *u  •     ^  u 

^=  33:000  = 33:000 =  ^^'^^  ^'  ^-  '^^  '■^"^"^  horsepower. 

Ans 

Example. — All  the  values  for  a  main  haulage-rope  band  are  the 
same  as  those  given  in  the  first  example,  and,  like  it,  the  track  is  level, 
and,  therefore,  the  tension  due  to  that  rope  alone  is  the  same  as  first 
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foand.  namely,  6, ©27. 36  pounds.  Two  districts  bands  A  and  B,  how- 
ever, deliver  in  the  present  case  to  the  main  band ;  the  band  A  hauls 
out,  along  a  track  769  feet  long,  {  of  the  800  tons.  This  road  has  an 
up  grade  to  the  main  road  of  8  per  cent.  The  band  B  hauls  out  {  of 
the  800  tons,  along  a  road  2,812  feet  in  length,  with  a  down  grade  to 
the  main  haulage-band  of  4  per  cent.  What  is  the  tension  in  the  A 
and  B  ropes  ?  What  is  the  total  tension  on  the  main  rope  ?  What  is 
the  required  horsepower  to  do  the  haulage,  if  the  rope  on  the  band  A 
weighs  .88  lb.  per  foot,  and  the  rope  on  the  band  B  weighs  1.2  lb.? 

Solution. — First  find  the  number  of  loaded  cars  on  the  A  band. 
O  =  800  X  I  X  2,240  =  716,800  lb.;  </=769  ft.,  and  Z)  =  6,280x3X 
10  X  .90  =  95,040  ft. 

Applying  formula  207, 

_0d  _  716,800x769 


Do       95,040x2,240 
2.589  =  the  number  of  loaded  cars  on  the  band  A, 

To  find  the  tension  in  this  rope,  formula  210  is  applied. 
fK=  4,000  X  2.589  =  10,356  lb. ;  Wx  =  1,760  X  2.589  =  4,556.64  lb. ;  and 
«f  =  769  X  2  X  .88  =  1,353.44  lb. 

Then,  7-=  (^-^^^»-^^)  +  ^  (  ^-  «,,)  = 

(10,356  4- 4.556^ -f  1,358.44)^  .03(10,356-  4,556.64)  =  680.68  lb., 

the  tension  in  the  A  band.    Ans. 

Next,  the  number  of  loaded  cars  on  the  B  band  is  found  by  again 
applying  formula  207.  In  this  case,  0  =  800  XfX  2,240  =  1,075,200  lb. ; 
</=  2.312  ft.,  and  D  =  5,280  X  2  X  10  X  .90  =  95,040  ft. 

mt-  Od      1,075,200x2,312      .,  ^^^-      ,.  ,         c\     a  a 

Then,  «  =  3^,  =  95,(^40  X  2,S^0  =  ^^'^^^^  =  '^"  ""'"^^  ^^  ^^^^^ 
cars  on  the  band  B. 

The  tension  in  this  band  is  also  found  by  formula  210. 

W^=  11.6767  X  4,000  =  46,706.8  lb. ;  w,  =  11.6767  X  1.760  =  20,550.992 
lb.,  and  w  =  2,312  X  2  X  1.2  =  5,548.8  lb. 

Then.  7-=  (^-^  +  J^»  +  ^)  _  ^(  ^.  «,,)  == 

(46,706.8  4-20,550.992  +  5,548.8)  _  04(46,706.8  -  20,550.992)  =  773.98. 

the  tension  required  for  B.    Ans. 

Here  the  gravity  factor  is  minus  again,  because  it  works  with  the 
engine.  The  total  tension  in  the  main  rope  is  6,927.36 -+- 580.65 -f 
778.93  =  8,281.94  lb.     Ans. 

Finally,  applying  formula  202, 

-  33,()00  ~         y:5,()oo  '     • 

the  total  horsepower  required  to  run  the  engine.     Ans. 


yUINE  HAULAGE. 
GENERAL  APPLIANCES. 

liriRB    ROPBS. 

2413.  Having  considered  the  different  methods  ol 
haulage,  we  will  now  give  a  description  of  the  various  appli- 
aaces  more  or  less  commoD  to  all  of  the  above  systems, 
and  which  have  not  already  been  considered  in  detail. 

2414.  The  wire  rope  used  in  mine  haulage  is  usually 
made  of  six  strands  of  iron  or  steel  wires  laid  around  a  ceo- 
tral  core  of  hemp.  Each  of  these  strands  is  made  up  of 
either  7  or  19  wires,  and,  therefore,  a  wire  rope  is  made  up 
of  either  13  or  114  wires,  the  final  size  of  the  rope  depend- 
ing upon  the  size  of  the  wire  used.  It  is  evident  that  a  one- 
inch  rope  containing  49  wires  must  be  made  of  larger  wires 
than  a  one-inch  rope  containing  114  wires.  The  former 
rope,  on  account  of  the  larger  size  of  the  individual  wires,  is 
well  adapted  to  service  involving  much  wear ;  while  the  latter 
rope,  being  made  of  smaller  wires,  is  more  pliable,  and  ii 
thus  adapted  to  service  in  which  the  rope  is  required  to  do 
much  bending.  Thus,  in  the  tail-rope  system,  the  main  rope 
has  7  wires  to  the  strand,  and  the  tail-rope  19  wires  to  the 
strand.  Ropes  are  made  with  either  a  short  or  a  long  twist, 
according  to  the  use  for  which  they  are  intended.  Ropes 
with  a  long  twist  work  smoothly  over  the  rollers  and  sheaves, 
and  stretch  but  little,  thus  adapting  them  for  tail-ropes. 
The  short  twisted  rope  is  much  more  elastic,  and  should  be 
used  where  the  rope  is  liable  to  sudden  jerks,  as  in  the  case 
of  main  ropes  on  engine  and  tail-rope  planes.  The  short 
twisted  rope  in  such  a  case  acts  as  a  sort  of  a  spring,  and 
stands  without  injury  a  shock  which  would  break  the  more 
rigid  long  twisted  ropes.  The  lay  of  the  wire  is  generallyop- 
posite  to  the  lay  of  the  strands,  although  a  rope  has  been 
recently  introduced  with  the  lay  of  both  strands  and  wires 
in  the  same  direction, 

2415.  A  style  of  rope  known  as  locked-wjre  rope  has 
been  introduced  by  some  manufacturers.     This  rope  has  a 
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looth  surface  approaching  that  of  a  round  bar,  in  consc- 
ience of  which  it  wears  longer  than  the  ordinary  ropes,  and, 
sides,  does  not  wear  out  so  quickly  the  wheels  over  which 
is  led;  it  also  has  a  greater  strength  than  the  ordinary 
re  ropes,  but  has  one  disadvantage,  in  that  it  can  not  be 
liced. 

2416*  The  strength  of  the  ordinary  wire  rope  is  about 
^  of  the  strength  of  the  individual  wires  composing  it,  the 
re  losing  about  26^  by  bending.  The  working  strength 
a  wire  rope  may  be  taken  at  from  one-fifth  to  one-seventh 
e  breaking  strength. 

241 7.  Tables  46  and  47  give  the  diameters,  weights,  and 
caking  loads  of  iron  and  steel  wire  ropes  of  six  strands 
»und  around  a  hemp  center,  having  19  and  7  wires  to  the 
'and. 

TABLB   46. 

ON  AlfO  STBBLr  WIRB  ROPBS,  19  1VIRE8  TO  THE  STRAND. 


)iauneter 

Weight  in 
Lb.  per  Ft. 

Breaking  Load  in  Tons  of  3,000  Lb. 

1  Inches. 

Iron. 

Cast  Steel. 

Plow  Steel. 

i 

0.36 

3.48 

7.00 

10.00 

A 

0.44 

4.27 

9.00 

13.00 

i 

0.60 

5.13 

12.00 

18.00 

i 

0.88 

8.64 

18.00 

27.00 

I 

1.20 

11.50 

25.00 

37.00 

1 

1.68 

16.00 

33.00 

47.00 

U 

2.00 

20.00 

42.00 

60.00 

U 

2.50 

27.00 

52.00 

75.00 

If 

3.00 

33.00 

63.00 

90.00 

H 

3.65 

39.00 

77.00 

110.00 

H 

4.10 

44.00 

86.00 

123.00 

U 

5.25 

54.00 

106.00 

157.00 

2 

6.30 

65.00 

125.00 

189.00 
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TABLE  47. 

IRON  AIVD  STBBL  WIRE  ROPES,  7  ^riRES  TO  THE  STRAKD 


Diameter 

Weight  in 
Lb.  per  Ft 

Breaking  Loa^ji  in  Tons  of  2.000  Lb. 

in  Inches. 

Iron. 

« 

Cast  Steel. 

Plow  StecL 

* 

0.31 

2.83 

6.00 

9.00 

A 

0.41 

4.10 

8.00 

12.00 

f 

0.57 

5.80 

11.00 

16.00 

u 

0.70 

7.60 

14.00 

21.00 

i 

0.88 

8.80 

17.00 

25.00 

i 

1.12 

12.30 

22.00 

33.00 

1 

1.50 

16.00 

30.00 

45.00 

H 

1.82 

20.00 

36.00 

H 

2.28 

25.00 

44.00 

If 

2.77 

30.00 

52.00 

H 

3.37 

36.00 

62.00 

2418.  The  durability  of  a  wire  rope  depends  very 
largely  on  the  diameter  of  the  drum  or  sheave  over  which 
it  is  wound.  When  a  rope  is  bent  around  a  drum,  the  outer 
strands  must  be  in  tension  and  the  inner  strands  in  c<un- 
pression.  This  tension,  due  to  bending  the  rope  around  the 
drum,  added  to  the  tension  to  wdiich  the  rope  is  already 
subjected  on  account  of  the  load,  gives  the  total  tension  nn 
the  part  of  the  rope  passing  around  the  drum.  This  total 
tension  must  not  exceed  the  elastic  limit  of  the  material 
composing  the  wires.  //  is  Just  as  detrimental  to  tJic  rope 
if  it  be  bent  partly  around  the  drum  or  sheave  as  though  bent 
completely  around  it. 

2419.  From  the  nature  of  the  rope,  it  is  evident  that 
the  diameter  of  the  drum  or  sheave  does  not  depend  upon 
the  diameter  of  the  r()j)e,  but  only  tipon  the  diameter  of  the 
wires  of  which  it  is  made;  and  we  may,  therefore,  calculate 
the  size  of  the  drum  wliich  would  be  safe  for  a  single  wire. 

It  may  be  stated,  as  a  general  rule,  that  the  diaineter  of 
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the  drum  on  which  a  rope  containing  19  wires  to  the  strand 

is  to  be  wound  should  not  be  less  than  60  times  the  diameter 

of  t/ie  ropCy  and  one  on  which  a  rope  containing  seven  wires 

to  the  strand  is  to  be  wound  should  not  be  less  than  100  times 

the  diameter  of  the  rope. 

It  is,  of  course,  preferable  to  use,  if  possible,  a  drum 
larger  than  given  by  the  above  rule.  Circumstances  may 
render  it  necessary  to  use  a  drum  smaller  than  given 
above,  but  smaller  drums  can  only  be  used  at  the  expense 
of  the  rope. 

2420.  To  Splice  a  IVlre  Rope,— The  length  of  the 
splice  depends  upon  the  size  of  the  rope.  The  larger  ropes 
require  the  longer  splices.  The  splice  of  ropes  from  f  inch 
to  \  inch  in  diameter  should  not  be  less  than  20  feet ;  from 
\  inch  to  1^  inches,  30  feet,  and  from  1^  inches  up,  40  feet. 
In  Fig.  876  are  given  a  number  of  illustrations  showing  the 
manner  of  splicing  a  wire  rope.  To  splice  a  wire  rope, 
proceed  as  follows : 

Suppose  it  is  desired  to  splice  a  rope  \  inch  in  diameter. 
The  length  of  the  splice  for  this  size  rope  is,  as  above  given, 
20  feet.  Tie  each  end  of  the  rope  with  a  piece  of  cord  at  a 
distance  equal  to  one-half  the  length  of  the  splice,  or  ten 
feet  back  from  the  end,  after  which  unlay  each  end  as  far 
as  the  cord.  Then,  cut  out  the  hemp  center,  and  bring  the 
two  ends  together  as  close  as  possible,  placing  the  strands 
of  the  one  end  between  those  of  the  other,  as  shown  in  Fig. 
876  A^  in  which  k  and  k*  are  the  cords  tied  around  the  rope 
ends  M  and  M*  respectively,  at  a  distance  of  ten  feet  from 
each  end.  Now  remove  the  cord  k  from  the  end  M  of  the 
rope,  and  unlay  any  strand,  as  a^  and  follow  it  up  with  the 
strand  of  the  other  end  J/'  of  the  rope  which  corresponds 
to  it,  as^';  that  is,  a  is  unwound,  leaving  a  channel  in  which 
a*  is  wound.  About  six  inches  of  a'  are  left  out,  and  a  is 
cut  off  about  six  inches  from  the  rope,  thus  leaving  two 
short  ends,  as  shown  at  P\n  Fig.  876  B^  which  must  be  tied 
for  the  present  by  cords,  as  shown.  The  cord /r  should  again 
be  wound  around  the  end  M  of  the  rope,  Fi<^.  870  W,  to 
prevent  the  unraveling  of  the  strands;  after  which  remove 
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the  cord  i-'  on  the  other  or .)/'  end  nf  the  rope,  and  unby 
ihe  strand  d;  follow  it  up,  as  above,  with  the  strand  //,  leav 
rug  the  ends  out,  and  tying:  them  down  for  the  present,  as 
before  described  in  the  case  of  strands  a  and  n'  (see  Q,  Fig. 
S7fl  B) ;  also,  replace  the  cord  it',  for  the  same  purpose  as 
3iatcd  above.  Now  again  remove  the  cord  k,  andunlnytbe 
next  strand,  as  r.  Fig  870  .-).  and  follow  it  up  with  f*.  stop- 
ping, however,  this  time  within  four  feet  of  the  first  set 
Continue  this  operation  with  the  remaining  six  strands, 
stopping  four  feet  short  of  the  preceding  set  each  ume. 
We  have  now  the  strands  in  their  proper  places,  with  the 
ends  passing  each  other  at  intervals  of  four  feet,  as  shofa 
in  Fig.  87GC  These  ends  must  now  be  disposed  of  by 
increasing  the  size  of  the  rope.  Clamp  the  rope  in  a  visest 
the  left  of  the  strands  a  and  a',  Fig.  8T6  C,  and  fasten  a 
clamp  to  the  rope  at  the  right  of  these  strands;  then  remove 
the  cords  tied  around  the  rope  which  hold  these  two  strands 
down;  after  which  turn  the  clamp  in  the  opposite  direction 
to  which  the  rope  is  twisted,  thereby  untwisting  the  rope, 
as  shown  in  Fig.  876  D.  The  rope  should  be  untwisted 
enough  to  allow  its  hemp  core  to  be  pulled  out  with  a  pair 
of  nippers.  Cut  oft  twelve  inches  of  the  hemp  core,  sil 
inches  at  each  side  from  the  point  of  intersection  of  ths 
strands  »  and  a',  and  push  the  ends  of  the  strands  in  its 
place,  as  shown  in  Fig.  STW  D.  Then  allow  the  rope  to 
twist  up  to  its  natural  shape,  and  remove  the  clamps.  After 
the  rope  has  been  allowed  to  twist  up,  the  strands  tucked  in 
generally  bulge  out  somewhat.  This  bulging  may  be  re- 
duced by  lightly  tapping  the  bulged  part  of  the  strands  with 
a  wooden  mallet,  which  will  force  their  ends  farther  into 
the  rope.  Proceed  in  the  same  manner  to  tuck  in  the  other 
ends  of  the  strands. 

242 1 .  Preserving;  'Wire  Rope. — It  is  highly  essential 
that  wire  ropes  be  oiled,  so  as  to  keep  them  free  from  rust- 
ing, as  on  this  depends  in  a  great  measure  the  life  of  the 
ropes.  The  oil  best  suited  is  that  which  is  free  from  acid, 
and  which  will  not  gum  or  harden.  Oil  which  hardens 
gr-^ases  the  outer  wires  very  well,  but  forms  a  scale  around 
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them  through  which  the  liquid  oil  can  not  pass  to  the  inner 
wires,  which  therefore  go  on  rusting.  Raw  linseed-oil  has 
been  found  to  be  one  of  the  best  oils  for  this  purpose,  al- 
though a  mixture  of  vegetable  tar  and  raw  linseed-oil  is  ex- 
tensively used.  Either  of  these  may  be  applied  to  the  rope 
by  saturating  the  woolly  side  of  a  piece  of  sheepskin.  It  is 
well,  before  applying  fresh  oil  to  the  rope,  to  first  clean  off 
the  old  by  running  the  rope  between  brushes.  When  the 
rope  is  endless  and  has  a  continuous  motion,  ^s  in  the  case 
of  the  endless-rope  haulage  systems,  a  different  method  may 
be  pursued.  In  this  case,  the  roper  may  be  greased  by  allow- 
ing the  oil,  which  has  been  placed  in  a  barrel  supplied  with 
a  cock,  to  drip  on  it  as  it  leaves  the  engine-room  on  its  out- 
ward passage.  

THE  ROADBED. 

2422.  The  roadbed  for  a  haulage  system  is  made  in 
practically  the  same  manner  as  for  ordinary  railroads.  The 
cross-ties  are  generally  of  wood,  either  3  in.  X  5  in.  or  4  in.  X 
6  in. ;  they  are  laid  from  18  to  3G  inches  apart,  from  center 
to  center,  on  the  solid  floor  of  the  mine,  and  are  ballasted. 
T  rails,  weighing  from  16  to  40  lb.  per  yard,  depending  upon 
the  service  required,  are  laid  from  30  to  48  inches  apart. 
The  wider  gauges  allow  heavier  and  wider  mine-cars  to  be 
used,  while  the  narrow  gauges  permit  the  cars  to  run  more 
easily  around  the  curves.  The  rails  laid  on  slopes  should 
be  somewhat  heavier  than  those  laid  on  the  level.  Gutters 
should  be  provided  at  the  lower  side  of  the  roadbed,  to  allow 
the  mine  water  to  flow  away,  and  not  destroy  the  ties. 
Curves  should  be  made  of  as  large  a  radius  as  possible,  and 
it  is  well  never  to  make  the  radius  less  than  25  feet.  The 
gauge  of  the  track  should  be  slightly  wider  around  the 
curves,  and,  in  case  of  endless  or  tail  rope  haulage,  the  inside 
rail  should  be  slightly  elevated.  In  other  cases,  such  as 
engine-planes,  where  the  empty  cars  are  run  by  gravity  at 
high  velocities,  the  outer  rail  should  be  slightly  elevated. 

In  wire-rope  haulage,  trouble  arises  with  curves  on  the 
roads  where  the  main  and  tail  rope  system  of  haulage  is  em- 
ployed.    Unless  due  care  is  exercised  in  giving  the  rails  on 
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a  curve  the  requisite  elevation  to  resist  the  tendency  of  the 
ropes  to  Jjull  the  ends  of  tKe  train  off  the  rails  at  the  curve, 
the  train  will  frequently  be  derailed.  If,  however,  the  inside 
rail  is  made  the  higher,  the  stress  due  to  the  inward  pull  of 
the  ropes  falls  on  the  tread  of  the  wheels  and  on  the  upper 
sides  of  the  rails.  On  the  other  hand,  if  the  rails  are  equal 
in  height,  the  flanges  of  the  inside  wheels  are  pulled  against 
the  inward  edge  of  the  inside  rail,  and  then  the  least  jerk 
produced  at  a  joint  is  sufficient  to  derail  the  whole  train. 
When  a  curve  occurs  on  a  highly  inclined  portion  of  the  road 
of  a  main  and  tail  rope  haulage,  it  is  necessary  to  warn  the 
engineer  to  keep  the  ro[>es  taut  when  rounding  the  curves,  or 
otherwise  the  high  rail  may  become  a  source  of  danger.  On  , 
the  roads  of  other  haulages,  however,  the  inside  rail  should 
not  be  rafscd  above  the  level  of  the  outside  one  ;  for  on  an 
engine-plane  and  the  roads  of  a  self-acting  incline,  whiletbe 
elevation  of  tlie  inside  rail  would  provide  complete  secutity 
for  the  ascending  train,  it  would  be  a  sure  means  of  dcrailii^ 
a  descending  one.  Therefore,  in  these  cases  it  is  better  to 
provide  a  guard-rail  set  within  the  rail  on  the  outside  nf  lbs 
curve.  For  curves  on  endless-rope  haulages,  a  guard-rail  is  ' 
required  only  where  the  radius  of  the  curve  is  very  short;  I 
otherwise  they  are  not  necessary,  since  the  running  velocity  J 
is  always  low.  ' 

2423.  An  arrangement  called  a  covered  tube,  or  con- 
duit, which  may  be  used  at  points  where  a  haulage-road 
crosses  highways,  to  enable  vehicles  to  pass  over  the  rope 
while  it  is  in  motion,  is  shown  in  Fig.  877.  It  consistsof 
twocastings  A  and  ^I'of  the  form  shown,  which  constitute 
the  sides  of  the  tube,  or  conduit,  and  which  are  riveted  to 
ordinary  I  beams  B.  Over  these  castings  are  placed  two 
covers  f  and  C,  in  the  manner  shown  in  the  figure.  To 
strengthen  the  tube,  or  conduit,  the  braces  /and/'  are  riv- 
eted to  it  and  to  the  eye-beams.  D  and  /?'  are  projectioDS 
riveted  to  the  castings  A  .ind  ,-J',  respectively,  to  keep  the 
covers  in  their  places.  The  legs  of  the  covers  C  and  C  are 
connected  by  links  /i"  and  i',  forming  a  toggle-joint;  these 
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links  are  joined  in  turn  to  a  rod  F,  which  is  connected, 
through  the  intervention  of  a  system  of  levers,  to  a  hand- 
lever  placed  at  the  outside  of  the  traclc.  By  giving  an 
upward  movement  to  the  rod  F,  the  links  £  and  £'  are 
forced  apart,  in  consequence  of  which  they  cause  the  covers 
6  and  C  to  take  the  position  shown  by  the  dotted  lines.     It 


is  well  to  construct  the  conduit  in  such  a  manner  that  verti- 
cal lines  through  the  center  of  gravity  of  each  cover  will  fall 
between  the  points  G  and  G',  respectively,  when  the  covers 
are  raised,  i.  e.,  in  the  position  shown  by  the  dotted  lines, 
since  the  covers  will  then  close  automatically,  it  being  only 
necessary  to  open  them. 

2424>  Fig.  878  shows  the  conduit  in  position.  It  will 
be  seen  that  the  length  of  the  conduit  is  equal  to  the  width 
of  the  highway.  Since  the  cross-tics  can  not  be  laid  at  this 
point,  short  rails  M  and  M',  having  a  length  equal  to  that  of 
the  conduit,  are  used.  Thty  are  riveted  at  their  ends  to 
chairs  Pand  P',  which  in  turn  are  riveted  t"  the  eye-beams 
B.  This  construction  can  be  built  complete  in  the  shop, 
and  put  in  place  as  shown  in  the  figure.      The  ends  of  the 
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rails  abutting  the  short  rails  M  and  M"  rest  on  the  chain 
/"and /''.and  are  boltea  tothera.     The  covers  of  the  conduit 


^ 


are  alw.ijs  closed  when  no  tram  13  to  pass,  and  thii>  alln* 
vehicles  to  run  across  the  roadbed.  When  a  car  comes 
along,  the  hand-lever  A  located  at  the  side  of  the  track  is 
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pulled  to  the  right,  thereby  causing  the  covers  of  the  conduit 
to  open,  as  before  explained,  and  allowing  the  train  to  pass, 
after  which  the  covers  are  again  closed  by  the  hand-lever. 


TRACK   MATERIALS. 

2426«  To  find  the  weight  of  one  mile  of  two  rails  in  tons 
of  2,240  pounds,  the  weight  in  pounds  per  yard  of  the  rail 
being  given  : 

Rule. — Divide  the  weight  in  pounds  per  yard  of  the  rail  by 
7,  and  multiply  the  quotient  by  IL 

ExASfPLB. — How  many  gross  tons  of  rails,  weighing  20  lb.  to  the 
yard,  are  required  for  one  mile  of  single  track  ? 

Solution. —    y  x  11  =  3t|  tons.    Ans. 

2426.  To  find  the  number  of  cross-ties  required  for  one 
mile  of  single-track  road,  the  distance  between  the  centers 
of  the  cross-ties  being  given  : 

Rule. — Divide  5^280  {the  number  of  feet  in  a  mile)  by  the 
distance  in  feet  between  the  centers  of  the  cross-ties. 

CxAMPLE. — How  many  cross-ties  are  required  for  laying  one  mile  of 
single-track  road,  if  the  cross-ties  are  laid  21  inches  apart  from  center 
to  center  ? 

Solution. —  21  inches  reduced  to  feet  =  If  feet.  Then,  5,280 -*- 
If  =  3,017,  nearly.     Ans. 

2-427.  The  spikes  ordinarily  used  for  spiking  different 
size  rails  to  the  cross-ties,  and  the  average  number  of  spikes 
contained  in  a  200-pound  keg,  are  given  in  the  following 
table  : 

TABLE  48. 


Weight 

Average  Num- 

Size of  Spike 

in  Pounds 

ber  of  Spikes 

in  Inches. 

per  Yard  of 

per  Keg  of 

Rails  Used. 

200  Lb. 

4    Xi 

25 

GOO 

4jxi 

35 

525 

5    Xi 

35  to  45 

448 

190 
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TRACK-ROM.ERK,  OH    CAKHYING-SHCAVBS. 

2428.  To  prevent  the  wire  n-jic  i.f  a  haulage  plant  from 

dragging  on  the  roadbed,  or.  when  the  plane  is  very  concave, 
to  prevent  it  from  coming  in  contact  with  the  roof,  rollcn, 
or  carrjrltiK-BbeavBa,  are  lased.  These  are  essential,  since 
Otherwise,  were  the  rope  permitted  to  drag  on  the  ground,a 
greater  force  would  be  required  to  move  it,  and,  besides,  its 
life  would  be  shortened  considerably.  Rollers,  or  carrying- 
sheaves,  are  made  either  of  wood  or  cast  iroa 
A  form  of  wooden  roller  extensively  used  is 
shown  in  Fig,  879,  which  consists  simply  of  a 
W(.M)den  roller  Q  having  a  }-inch  or  J-inch  diam- 
eter wrought-iron  axle  R  through  it.  The 
Toiler  is  held  in  place  by  the  bearings  ."i  and  5. 
which  are  usually  nailed  to  the  cross-ties.  Or- 
dinarily these  bearings  are  made  of  wood,  and 
are  of  such  length  that  they  rest  on  two  cross- 
ties.  The  bearings  should  be  so  located  in  the 
center  of  the  track  that  the  rope  runs  near  one 
:  end  of  the  roller,  so  that  when  the  rollers  are 
;  partly  worn  they  may  be  turned  end  for  end  or 
'  shifted  sideways,  so  that  the  rope  will  have  a  new 
surface  to  run  on.  Wooden  rollers  are  also 
frequently  constructed  by  boring  a  hole  through 
the  center  of  the  roller,  and  then  driving  into 
each  end  a  short  length  of  J-inch  or  J-inch  gas- 
pipe,  which  acts  as  the  axle  of  the  roller. 
These  rollers  are  generally  made  of  maple,  gum, 
oak,  ash,  or  beechwood,  and  vary  in  diameter 
from  fi  to  8  inches,  and  in  length  from  18  to  ti 
inches.  The  life  of  such  rollers  varies  from  sii 
to  eighteen  months. 

2429.  In  Figs.  gSO  and  881  are  shown  the  common 
forms  of  cast-iron  rollers,  or  carrying  sheaves.  In  Fig.  880 
the  roller  consists  of  a  cylindrical  shell  about  J  inch  thick, 
having  a  flange  at  each  end,  as  shown,  to  prevent  the  rope 
from  being  shifted  off  the  rollers  sideways.     Instead  of  using 
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wooden  bearings,  as  already  described,  iron  bearings  are  used 
here.  These  bearings  are  provided  with  caps  a  and  a,  which 
can  be  taken  off  when 
the  rollers  are  to  be  re- 
moved. The  journals 
of  the  shaft  arc  smaller 
in  diameter  than  the 
shaft  proper,  so  as  to 
form    shoulders   on    it,  no.  wo. 

in   order   to   prevent   the  rollers   from    moving   sideways. 
These  rollers  are  generally  made  about  6  inches  in  diameter. 

2430>  In  Fig.  881  is  shown  another  form  of  cast-iron 
roller.  Here  the  cylindrical  shell  of  the  roller  Q  is  some- 
what tapered,  and  has  a  small  groove  in  its  center,  in  which 
the  rope  runs.  The  roller  is  tapered,  so  that  the  rope  will 
always  slide  down  to  ihe  groove.  The  shell  Q  of  the  roller 
is  fastened  to  the  shaft  R  by  means  of  the  arms  and  hub  ^ 
of  the  roller.  The  journals  /  of  the  shaft  are  smaller  in 
diameter  than  the  remaining  part  of  it,  thus  forming 
shoulders,  and  preventing  the  rollers  from  moving  sideways. 
The  bearings  U  and  U  are  of  cast  iron,  of  the  form  shown  in 


the  figure,  having  such  a  width  that  they  may  rest  on  two 
cross-ties,  to  which  they  are  generally  bolted.  The  bearings 
are  provided  with  a  receptacle  v,  in  which  oil  is  poured 
through  the  top  {by  removing  the  cap  JJ')  for  lubricating 
the  journals.  These  rollers,  or  carrying-sheaves,  are  gener- 
ally made  10  or  VI  inches  in  diameter. 
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UNDERGROUND  HAULAGE-ENGINES. 
2431.  There  are  Iwo  kinds  of  hauling-cngines  in  use 
for  mine  haulage,  each  specially  fitted  for  different  classes  of 
work.  For  example,  engines  on  the  first  motion,  or  those 
connected  directly  to  the  drum-shaft,  are  best  adapted  tor 
long  runs  and  level  roads;  on  the  other  hand,  engines  on 
the  second  motion  do  the  best  work  on  short  runs,  or  in 
hauling  loaded  trains  up  steep  inclines  pitching  from  the 
shafts.  The  engine  and  drums  illustrated  by  Fig.  882  fur- 
nish an  example  of  an  engine  on  the  second  motion.  Here 
the  drums  are  seen  mounted  on  a  heavy  shaft,  and  arc  geared 


to  the  engine  by  massive  spur-gears  and  pinions.  This 
arrangement  is  designed  for  main  and  tail  rope  haulage; 
consequently,  the  drums  are  both  made  to  run  loose  on  the 
shaft  when  nut  required  for  hauling.  When  the  main-rope 
drum  is  required  to  haul  out  a  train  of  cars  to  the  shaft,  it 
is  secured  to  the  spur-wheel  with  a  friction-clutch,  or  olher- 
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wise  the  pinion-wheels  on  the  engine-shaft  are  made  to  slide 
in  and  out  of  gear.  The  pinions  are  made  to  lock  onto  the 
engine-shaft  with  strong  keys  and  slots,  and  so  connected 
that,  as  one  pinion  is  put  into  gear,  the  other  is  thrown  out. 
These  changes  are  made  by  a  lever  and  slot  and  fork  ar- 
rangement, which  is  controlled  by  the  engineer.  After  a 
train  has  been  hauled  out  with  the  main  rope,  the  main-rope 
drum  is  thrown  out  of  gear  and  made  to  run  loor.e,  so  that, 
during  the  hauling  in  with  the  tail-rope  drum,  the  main  rope 
is  hauled  in  with  the  train;  vice  vcrsa^  to  haul  out,  the  main- 
rope  drum  is  put  into  gear,  and,  consequently,  the  tail-rope 
drum  is  thrown  out  of  gear  when  the  tail-rope  is  hauled  out 
with  outgoing  trains  of  loaded  cars. 

The  friction-clutch  connection  is  common  where  the  en- 
grine  is  on  the  first  motion,  for  then  the  drums  are  mounted 
on  the  engine-shaft.  The  braking  of  the  main  and  tail  rope 
drums  requires  special  care  and  attention  on  the  part  of  the 
engineer,  for  otherwise  he  may  hold  the  loose  running  drum 
too  tight,  and  in  that  case  unduly  strain  the  rope  engaged 
for  the  time  in  hauling,  and  at  the  same  time  waste  the 
llTailable  energy  of  the  engine  and  reduce  the  velocity  of 
train.     On  the  other  hand,  if  the  running-off  rope  is  not 

tpt  comparatively  tight,  it  may  overrun  and  kink  and  be 
'oycd.  Not  only  should  the  engineer  be  a  man  of  pru- 
dence, but,  for  safety  and  economy,  the  brake  arrangement 
should  be  so  constructed  that  it  will  secure  in  action  the 
following  good  points : 

(1)  It  must  be  strong  and  reliable;  (2)  the  friction  gen- 
erated must  be  sufficient  to  stop  and  hold  the  train  secure 
on  any  part  of  the  road;  (3)  the  brake  must  be  actuated 
by  a  compound  lever,  so  as  to  exert  a  great  stress  with 
the  power  of  an  ordinary  man's  arm;  (4)  the  brake-handle 
must  be  fixed  in  a  position  so  near  the  throttle-valve  of  the 
engine  that  the  engineer  can  turn  from  one  to  the  other 
without  changing  his  position.  Fig.  883  shows  a  brake  and 
lever  arrangement  that  possesses  all  the  good  points  just 
referred  to. 


•* 
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7NDBRGROUND  HAULAGE  BY  ENDLESS  ROPE. 

2432.  Haulage-drums  can  not  be  used  for  an  endless- 
Dpe  haulage,  as  in  this  case  two  ropes  must  run  continu- 
usly  in  opposite  directions;  therefore,  it  is  out  of  the  ques- 
on  to  even  think  of  using  reels.  Reels,  or  drums,  however, 
\n  not  be  disposed  of  without  substituting  wheels  that  not 
aly  coil  on  but  coil  off  at  the  same  time,  and  yet  seize  the 
)pe  for  hauling  as  securely  as  a  drum  would  do.  Now  it  is 
ear  that  a  single-grooved  pulley  could  not  seize  the  rope 
ifficientlyfor  hauling  against  a  resistance  greater  than  the 
iction  due  to  a  rope  slipping  in  the  groove  whose  length 

equal  to  half  the  circumference  of  a  wheel.  Again,  it  is 
ot  possible  to  make  two  or  more  turns  of  the  rope  round  a 
heel,  and  haul  continuously  by  this  means,  because  the 
>pe  would  all  run  on  at  one'side,  and,  therefore,  after  a  turn 
r  two,  would  coil  on  itself.  It  is  true  that  fleet-wheels  have 
een  contrived  by  which  the  coils  are  made  to  continuously 
ip  and  surge  from  one  side  of  the  tread  of  the  wheel 
>wards  its  center;  but  the  surging  and  slipping  on  such  a 
heel  generates  a  heavy  strain  on  the  rope,  and  this,  added 
>  the  wear  by  the  friction  due  to  slipping,  soon  destroys  a 
ood  rope,  and  renders  this  system  of  gripping  the  rope  a 
ractical  failure. 


By  a  principle  in  mechanics,  two  grooved-heels 
an  be  made  to  secure  sufficient  gripping  force,  and  run  the 
ope  on  and  off  without  injury  from  surging  or  any  other 
ause.  To  understand  the  mode  of  action,  suppose  that  a 
3pe  is  made  to  perform  the  circuits  of  eight  semicircular 
rooves  on  two  four-grooved  pulleys,  as  shown  in  plan  at  the 
Dp  of  Fig.  884.  Now  let  us  follow  a  point  of  the  rope 
iiroughout  its  journey,  from  the  time  it  enters  the  first 
roove  to  the  moment  of  leaving  the  last  one.  The  rope 
uns  half  round  the  first  wheel,  and  then  runs  off  to  the 
rst  groove  of  the  second  wheel.  It  advances  to  the  second 
roove  of  the  first  wheel,  and  then  passes  half  round  and 
tins  off  to  the  second  j^roove  of  the  second  wheel.  The 
oint  passes  round  the  second  groove  of  the  second  wheel, 
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continues  its  journey  to  the  third  groove  of  the  first  wheel, 
from  that  to  the  third  groove  of  the  second  wheel,  and  so  on. 
It  will  be  found  that  the  rope  leaves  the  fourth  groove  of 
the  second  wheel,  and  pursues  its  journey  in  the  line  of  the 
haulage.  The  eight  semicircles  are  equal  to  four  complete 
turns  round  one  drum,  and  the  grip  due  to  the  four  turns  is 
nearly  equal  to  the  breaking  strain  of  the  rope.  The  two 
grooved  wheels  solve  the  problem  of  providing  a  secure  grip 
for  a  haulage  that  is  equal  to  that  provided  by  a  drum  for 
hauling  on  an  ordinary  engine-plane.  In  the  lower  portion 
of  the  figure,  the  engine  is  seen  to  be  on  the  third  motion ; 
this  means  that  a  small  engine  is  made  to  run  at  a  high 
velocity  and  thus  develop  as  much  power  as  could  be  devel- 
oped by  a  large  engine  on  the  first  motion. 

2434.  In  hauling  and  hoisting,  the  position  of  the  train 
or  the  cage  can  not  be  seen  by  the  engineer,  and,  as  safety  is 
required,  it  must  be  secured  by  some  mechanical  contrivance 
for  indicating  the  position  of  the  train  or  the  cage.  It  is 
important  that  the  engineer  should  know  how  to  regulate 
his  supply  of  steam,  and  when  to  apply  the  brake,  in  case  the 
road  over  which  the  train  is  running  is  pitching.  He  also 
should  know  to  a  foot  where  to  stop  the  train  at  the  different 
stations  on  the  haulage-roads.  Again,  the  engineer  at  the 
hoisting-engine  must  know  the  exact  position  of  the  ascend- 
ing cage,  so  that  he  can  run  at  a  maximum  speed  without 
fear,  and  stop  the  cage  within  an  inch  of  the  level  of  the 
landing-stage.  From  this  it  can  be  seen  that  the  shaft  or 
haulage-road  indicator  is  indispensable.  Fig.  885  is  an 
indicator  for  a  haulage-road.  The  velocity  ratios  of  the 
train  and  the  indicator-weight  are  so  proportioned  that  the 
latter  only  moves  over  a  space  of  one  foot  while  the  train 
on  the  haulage-road  is  running  a  distance  of  300  feet.  The 
velocity  ratios  are  1  for  the  indicator  to  300  for  the  train. 
This  reduction  in  the  velocity  of  the  indicator-weight  is 
secured  as  follows:  A  worm  on  the  end  of  the  drum-shaft 
runs  in  the  teeth  of  a  worm-wheel,  and  this  wheel  makes 
only  1    revolution   for  30  turns  of   the  drum.     Again,  the 
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diameter  of  the  barrel  for  winding  on  the  indicator-cord  is 
only  one-tenth  of  the  mean  diameter  of  the  drum  for  the 
haulage-rope,  and,  therefore,'  30  X  10=  300,  the  velocity 
ratio  of  the  haulage-rope.  The  worm-wheel  and  the  drum 
for  the  indicator-cord  are  plainly  shown  in  the  figure. 


HAULAGE  BY  MINE  LOCOMOTIVES. 

2435>  There  are  three  types  of  mine  locomotives,  each 
of  which  has  been  successfully  used  in  mine  haulage ;  and 
there  will  shortly  be  on  the  market  a  fourth  type,  which 
promises  to  be,  in  a  measure,  a  competitor  of  the  other 
three.  The  first  three  types  are:  steam  locomotives,  com- 
pressed-air locomotives,  and  electric  locomotives.  The 
fourth  is  a  locomotive  operated  by  a  gasoline-engine. 

2436*  The  steam  locomotives  used  in  mining  work  are 
practically  small  locomotives  of  the  ordinary  type;  they 
usually  have  two  driving-wheels,  and  sometimes  three,  on 
each  side;  the  water-tank  is  set  over  the  boiler,  and  the 
smokestack  is  shortened  so  that  it  does  not  extend  above 
the  top  of  the  boiler;  in  short,  the  smokestack,  top  of  boiler, 
and  top  of  small  cab  are  on  the  same  level,  and  low  enough 
to  permit  the  locomotive  to  enter  the  mine-passages.  They 
arc  usually  made  with  a  short  wheel-base,  so  as  to  enable 
them  to  run  around  sharp  curves. 

2437*  While  these  small  locomotives  are  convenient, 
and  very  efficient  around   mines  for  outside  haulage,  they 


should  not  be  used  for  inside  haulage  if  their  use  for  such 
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haulage  can  be  avoided,  because  the  exhaust  from  the 
smokestack  vitiates  the  mine  air,  and  the  fire  under  the 
boiler  is  extremely  dangerous  in  any  mine  in  which  explosive 
gas  is  generated.  When  steam  locomotives  are  of  necessity 
used  in  mine  haulage,  the  haulage-road  should  always  be 
the  return-air  course;  they  should  never  be  used  in  mines 
in  which  explosive  gas  is  found.  Fig.  88(i  shows  a  view  of  a 
typical  steam  mine  locomotive.  Where  such  locomoti^-es 
are  used,  the  track  should  be  as  smooth  and  well  ballasted 
as  possible. 

2438.  The  compressed-air  locomotives  used  in  mine 
haulage  have  their  working  parts  built  very  similar  to  those  of 
steam  locomotives,  the  main  diiTerence  being  that  the  boiler 
and  fire-box  are  replaced  by  one  or  two  compressed-air 
tanks,  which  are  usually  charged  with  compressed  air  at 
suitable  intervals  along  the  haulage-road.  The  compressed- 
air  locomotive  can  be  operated  with  safety  in  any  part  of 
a  mine  where  grades  will  permit,  and  is  not  dangerous  in 
the  event  of  the  mia«  pruduciug  explosive  gases.  However, 
the  installation  of  a  compressed-air  locomotive  is  much 
more  expensive  than  that  of  the  steam  locomotive. 

2439.  The  compressed-air  locomotive  requires  a  sta- 
tionary plant  on  the  surface,  consisting  of  an  air-compressor 
of  proper  design  for  the  quantity  and  pressura  of  air  neces- 
sary to  run  the  locomotive;  in  addition,  unless  water-power 
is  available  to  run  the  compressor,  a  boiler  to  generate  steam 
for  that  purpose  is  required.  The  air  from  the  air-com- 
pressor must  be  conveyed  through  a  pipe-line  to  the  point 
or  points  where  it  is  convenient  to  charge  the  locomotive. 
Each  charging-station  consists  of  a  heavy  valve  with  a 
metallic  flexible  coupling,  bleeder-valve,  and  screw-joint, 
which  couples  to  a  similar  screw-joint  on  the  locomotive. 
While  it  is  entirely  practicable  to  charge  a  com  pressed -air 
locomotive  direct  from  the  compressor,  without  any  inter- 
mediate storage-reservoir,  it  is  not  economical  unless  a  num- 
ber of  loromotives  are  used,  so  that,  while  one  locomotive  is 
being  charged,  the  rest  are  making  trips. 
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1t44A).  The  best  and  cheapest  method  is  to  operate  the 
compressor  at  a  nearly  uniform  speed,  pumping  continuous- 
ly in  the  storage-reservoir  from  which  the  locomotive  is 
charged.  If  the  compressor  is  only  run  while  the  locomo- 
tive is  charging,  the  wear  and  tear  on  the  compressor  and 
boiler  are  greater,  steam  and  fuel  are  wasted,  an  unneces- 
sarily large  compressor  is  required,  and  the  locomotive  is 
held  idle  longer  than  desirable.  One  or  more  stationary 
tanks  may  be  used  for  storage-reservoir^,  but  a  pipe-line  is 
preferable,  because  it  is  handier,  and  provides  opportunity 
for  a  number  of  charging-stations  at  different  points,  and 
also  makes  it  easy  to  charge  different  locomotives  in  differ- 
ent places  or  on  different  levels  of  the  mine,  besides  convey- 
'ing  the  air  wherever  desired. 

2441  •  The  whole  operation  of  stopping  the  locomotive, 
connecting  it  to  the  charging-station,  charging  it  to  the  re- 
quired pressure,  and  disconnecting,  and  starting  on  its  trip, 
can  usually  be  performed  in  less  than  one  and  one-half 
minutes. 

2442«  The  pressure  and  cubic  capacity  of  the  pipe-line 
or  tank  should  be  so  proportioned  that,  when  the  locomotive 
returning  for  a  new  charge  is  connected,  the  pressure  of  the 
locomotive  and  of  the  pipe-line  equalize  almost  instantly  to 
the  required  pressure.  It  is,  therefore,  necessary  to  carry 
a  higher  pressure  in  the  pipe-line  than  is  needed  for  the 
locomotive.  The  necessary  pressure  of  air  and  capacity  of 
the  pipe-line  can  very  easily  be  determined.  For  instance, 
if  the  locomotive-tanks  have  100  cu  ft.  capacity,  the  char- 
ging pressure  needed  for  the  locomotives  is  500  lb.,  and  the 
average  pressure  remaining  in  the  locomotive,  when  re- 
turning for  the  new  charge,  is  50  lb.,  a  pipe-line  of  300  cu. 
ft.  capacity  and  650  lb.  pressure  will,  when  connected  with 
the  locomotive,  charge  it  instantly  to  500  lb.  This  is  shown 
by  the  following  calculation : 

The  pressure  in  the  locomotive-tank  is  50  lb.  and  that  in 
the  pipe-line  is  650  lb. ;  the  volume  of  the  tank  is  100  cu.  ft. 
and    that  of    the    pipe-line    is  300  cu.  ft.       The   resulting 

24—33 
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pressure,  when  the  two  are  connected,  may  be  obtained  from 
formula  19  in  Gases  Met  With  in  Mines.     Thus, 
„     pv+ff       50X1OO+C50X3OO 

i»=     /'  ' = — mrm — = '"o "■■ "" ^- "■  ■ 

the  pressure  needed  for  the  locomotive.  Practically  the 
same  result  would  be  reached  by  a  pipe-Hne  of  400  cu.  ft.  at 
610  lb.  pressure,  or  250  cu.  ft.  at  C80  lb.  pressure. 

2-t-43>     In  actual  practice,  for  the  sake  of  economy,  the 
air- com  pressor  may  be  regulated  so  as  to  charge  the  pipe- 
line to  a  lower  pressure,  whenever  it  may  be  desired  to  run    I 
the  mine  at  less  than  its  full  output.      The  compressor  can    | 
be  made  automatic,  and  may  beset  for  any  required  maximum 
pressure,  and  to  retard  its  speed  as  this  limit  is  approached,     j 
Relief-valves  should  be  used  for  both  the  pipe-line  and  for  the    , 
locomotive,  as  a  protection  against  over-charging.      In  some    | 
_  cases,   where  the  pipe-line    extends   beyond    the    charging-    I 
station  quite  a  distance,  a  less  pipe-line  pressure  may  be  used;    I 
and  after  the  locomotive  has  been  connected  with  the  pipe-   I 
line,  and  the  pressure  has  been  equalized,  that  part  of  the 
pipe-line  beyond  the  charging-station  may  be  shut  off  by  a 
valve,  and  the  locomotive  may  continue,  connected  by  the 
remaining  part  of  the  pipe-line  to  the  compressor,  until  the 
required  pressure  is  reached,  when  the  locomotive  can  be 
disconnected  and  the  valve  opened.    There  is  no  difficulty  in 
obtaining  and  laying  pipe  strong  enough  to  stand  500  to 
1,000  lb.  pressure  to  the  square  inch,  and  this  form  of  reser- 
voir costs  very  nearly  the  same  as  equivalent   Storage  in 
tanks.      Four  to  si.t  inches  diameter  is  usually  the  best  siie 
for  pipe-line.      Air  may  be  conveyed  several  miles  through 
a  pipe  of  as  small  diameter  as  two  inches  with  scarcely  ap- 
preciable loss  of  pressure.     For  a  pressure  of  500  to  GOO  lb. 
or  more,  a  three-stage  compressor  is  generally  preferred. 
If  a   low-pressure   compressed-air   system   is  also  used  for 
operating  mine   machinery,   such  as  drills,   pumps,  hoists, 
etc.,  it  is  often  economical  to  supply  the  locomotive  with  air 
from  the  low-pressure  system,  at,  say,  60  to  100  lb.  pressure; 
in  this  case,  a  special  auxiliary  two-stage  compressor  is  used. 
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For  extra  light  work,  short  trips,  and  easy  grades,  a  pres- 
sure of  80  to  100  lb.  may  be  sufficient  for  the  locomotive. 

2444.  Air -com  pressors  are  now  so  constructed  that 
they  may  be  used  during  the  daytime  to  furnish  high- 
pressure  air  from  400  to  800  lb.  for  operating  the  locomo- 
tives, and  during  the  night  to  furnish  air  at  low  pressure — 
60  to  100  lb. — for  operating  drills,  etc.  This  arrangement  is 
convenient  for  night-work,  whether  it  consists  in  driving 
entries  or  in  getting  mine  faces  ready  for  the  miners. 

2445.  As  stated  before,  the  mechanical  construction  and 
practical  operation  of  the  compressed-air  locomotive  is  simi- 
lar to  that  of  the  steam  locomotive.  Air-tanks  take  the 
place  of  the  boiler,  and  the  air  is  applied  and  used  in  much 
the  same  manner  as  steam;  the  details,  however,  are  modi- 
fied to  secure  the  most  economical  and  convenient  use  of  the 
air.  The  main  air-tanks  should  be  made  of  a  special  quality 
of  heavy  steel  plates,  with  heavy  butt-riveted  welt-strip  hori- 
tontal  seams,  and  with  both  heads  flanged  convex.'  The 
front  head  should  be  provided  with  a  manhole.  The  usual 
range  of  charging  pressure  for  compressed-air  locomotives  is 
600  to  800  lb.,  although  heavier  pressure  can  be  used  in  case 
of  long  hauls  and  heavy  work,  with  but  one  charge  of  air. 

2446.  Experience  has  shown,  in  well -constructed  air 
pipe-lines,  that  slight  changes  in  temperature  cause  greater 


variations  in  pressure  than  are  produced  by  leakage.  A 
properly  constructed  pipe-line,  with  heavy  ronncctions,  care- 
fully fitted,  and  supplied  with  special  valves,  will  lose  very 
little,   if  any,  through  leakage.     While  the  first  cost  of  a 
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ctMnpreased-air  haulage  plant  is  g:reater  than  that  oi  a  steam 
locomotive,  the  cost  of  maintenance  is  less;  the  cost  of 
operating,  however,  exclusive  of  r^alrs,  is  slightly  more 
when  but  one  locomotive  is  used.  When  several  compressed- 
air  locomotives  are  used,  the  difference  in  cost  of  mere  opera- 
tion becomes  less,  until  it  reaches  a  point'  at  which  it  is 
really  cheaper  than  the  operation  of  the- same  number  (rf 
steam  locomotives.  Figure  887  is  a  nde  view  of  a  modem 
compressed-air  mine  locomotive. 

2447.  Electric  mine  locomotives  consist  essentially  of 
a  heavy  truck,  the  wheels  of  which  are  rotated  by  a 
mechanism  operated  by  an  electric  motor.  The  operation 
of  the  electric  mine  locomotive  is  very  similar  to  that  of  an 
electric  trolley>car ;  in  fact,  the  power  to  run  the  locomotive  is 
conveyed  alongthe  haulage-road  through  a  conducting  wire 
on  which  a  trolley  connected  with  the  locomotive  rims. 

244S.  The  electric  locomotive  possesses  one  great  ad- 
vantage over  the  steam  locomotive:  there  is  no  exhaust  to 
vitiate  the  air  of  the  mine.  It  is,  therefore,  an  excellent  haul- 
age-machine for  use  in  mines  free  from  explosive  gas.  Its 
use  requires  the  erection  of  a  plant  for  generating  electricity 
on  the  surface.  The  power  thus  generated  is  very  con- 
venient, and  the  current  carried  along  the  conducting  wires 
can  be  utilized  for  many  purposes  in  mines.  For  instance, 
coal-cutters,  pumps,  drilling-machines,  hoists,  etc. ,  etc.,  can 
be  operated  by  it.  This  gives  electric  haulage  plants  ad- 
vantages which  have  resulted  in  their  adoption  in  many 
mines.  Actual  results  prove  them  very  efficient  and  econom- 
ical in  operation. 

2449.  Gasoline  mining  locomotives  have  not  as  yet 
been  used,  although  the  successful  utilization  of  gasoline- 
engines  for  other  purposes  makes  it  evident  that  one  manu- 
facturer's claim  of  his  ability  to  produce  a  gasoline  locomo- 
tive is  well  founded.  Such  a  locomotive,  however,  will  be 
open  to  one  of  the  objections  for  mine  use  that  applies  to  a 
steam  locomotive,  viz. ,  the  vitiation  of  the  mine  air  by  the 
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products  of  the  combustion  of  the  gasoline  vapor  in   the 
cylinders,  which  must  pass  out  through  the  exhaust. 

2450*  All  the  types  of  mine  locomotives  mentioned  re- 
quire for  successful  operation  that  the  grades  of  the  roads  over 
which  they  run  be  comparatively  light ;  in  this  respect,  they 
are  less  advantageous  than  rope  haulage.  Again,  as  stated 
before,  with  mine  locomotives  the  haulage  is  performed  in 
a  more  intermittent  manner  than  by  rope  haulage,  more 
especially  than  by  the  endless-rope  system.  In  the  con- 
struction of  mine-tracks  for  locomotive  haulage,  the  same 
general  rules  apply  as  in  the  construction  of  tracks  for  rope 
haulage,  the  only  difference  being  that,  when  locomotives  of 
any  type  are  used,  the  outer  rail  of  all  curves  should  be 
slightly  elevated.  The  same  rule  regarding  the  size  of 
curves  applies  in  the  case  of  locomotive  haulage  as  in 
rope  haulage,  namely,  that  they  should  be  of  as  large  radius 
as  possible,  though  it  must  be  said  that  well-designed  mine 
locomotives  with  a  short  wheel-base  will  run  and  pull  trips 
around  sharp  curves  better  than  any  type  of  rope  haulage. 


A  S£RISS 

OF 


QUESTIONS  AND   EXAMPLES 

Relating  to  the  Subjects 
Treated  op  in  This  Volume. 


It  will  be  noticed  that  the  questions  and  examples  con- 
tained in  the  following  pages  are  divided  into  sections 
corresponding  to  the  sections  of  the  text  of  the  preceding 
pages,  and  that  each  section  has  a  headline  which  is  the 
same  as  the  headline  of  the  section  to  which  the  questions 
refer.  No  attempt  should  be  made  to  answer  any  questions 
or  to  work  any  examples  until  the  corresponding  part  of 
the  text  has  been  carefully  studied. 


MECHANICS. 

(PART  1.) 


EXAMINATION  QUESTIONS. 

(1)  {a)  What  is  a  molecule  ?     (d)  What  is  an  atom  ? 

(2)  The  number  of  teeth  in  a  spur-gear  is  50  and  the 
pitch   is  1^  inches;    (a)  what  is  the  pitch   diameter?      (d) 

What  is  the  outside  diameter  ?  a        i  ^^)  ''^^'  ^'^'' 

({d)  24.77". 

(3)  What  pressure  can  be  exerted  by  a  force  of  24  pounds 
on  a  half-inch  screw  which  has  13  threads  per  inch,  the 
distance  from  the  center  of  the  screw  to  the  point  on  the 
handle  where  the  force  is  applied  being  11  inches  ? 

Ans.  21,563.94  lb. 

(4)  A  ball  weighing  5  pounds  revolves  in  a  circle  whose 
radius  is  32  inches,  at  the  rate  of  350  R.  P.  M. ;  what  is  the 
pull  on  the  support  caused  by  the  ball  ?     ^         Ans.  555^  lb. 

(5)  A  body  weighing  2  pounds  has  a  velocity  of  600  feet 
per  second;  what  is  its  kinetic  energy?      Ans.  11,194  ft. -lb. 

(6)  What  should  be  the  width  of  a  double  leather  belt  to 
transmit  150  horsepower,  when  the  belt  has  a  velocity  of 
3,000  feet  per  minute,  and  has  7  feet  of  its  length  in  contact 
with  the  smaller  pulley,  whose  diameter  is  63  inches  ?  Give 
width  to  nearest  half  inch.  Ans.  29.5  in. 

(7)  (a)  What  are  the  three  states  of  matter  ^  Name  (d) 
some  of  the  general  properties  of  matter;  (c)  some  of  the 
specific  properties. 

§  ic 
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(8)  What  is  meant  by  center  of  gravity  f 

(9)  («)  Why  is  crowning  usually  given  to  the  face  of  a 
pulley  ?     (i)  Why  should  high-speed  pulleys  be  balanced  ? 

(10)  At  what  speed  must  the  engine  run  when  the 
diameter  of  the  band-wheel  is  13  feet  and  of  the  main  pulley 
fll  inches,  if  the  speed  of  themainshaft  is  to  be  ir>8R.  P.  MJ 

Ans.  63  R.  P.  M. 

(11)  What  do  you  understand  by  specific  gravity  ? 

(la)     What  should  be  the  width  of  a  single  leather  belt  to 
transmit  ^  horsepower   vhen  the  belt  has  a  velocity  of    \ 
2,000  feet  per  minute  ?    The  diameter  of  the  smaller  puUcf    ; 
is  14  inchj^  and  the  belt  has  18  inches  of  its  length  in  ctm- 
tact  with  it.  Ans.  1^  inch. 

<13)  What  is  meant  (a)  by  inertia?  (J)  by  weifi^t? 
(^)  How  is  weight  measured  ?  ..  , 

(14)  The  speed  of  a  certain  belt  is  S,000  feet  per  minute; 
if  it  drives  a  48-inch  pulley,  how  long  will  it  take  the  puUej 
to  make  100  revolutions  ?  Ans.  25.13  sec,  nearly. 

(16)  Find  the  point  of  suspension  of  a  rectangular  cast- 
iron  lever  4  feet  6  inches  long,  2  inches  deep,  and  }  inch 
thick,  having  weights  47  and  71  pounds  hung  from  each 
end,  in  order  that  there  may  be  equilibrium.  Take  the 
weight  of  a  cubic  inch  of  cast  iron  as  .361  pound. 

^jjj.    (  Short  arm  =  22. 343  in- 
(  Long  arm  =  31.657  in. 

(16)  A  cubic  foot  of  a  certain  kind  of  wood  weighs 
61  pounds;  what  is  its  specific  gravity  ?  Ans,  .816. 

(17)  What  is  {a)  motion?  (*)  velocity?  (tr)  rest! 
((/)  Can  a  body  be  in  motion  with  respect  to  one  object  and 
at  rest  with  respect  to  another  ?     Explain  fully. 

(18)  (rt)  What  is  force  ?  (*)  Name  several  kinds  of 
forces. 

(19)  Find  by  measurement  the  center  of  gravity  of  a 
triangle  whose  sides  are  4  inches,  5  inches,  and  6  inches 
long.  Ans.  1^  inches  from  6-iDch  side. 
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(20)  What  horsepower  can  be  safely  transmitted  by  a 

« 

gear  whose  pitch  is  1.57  inches,  pitch  diameter  is  30  inches, 
and  which  makes  100  revolutions  per  minute  ? 

Ans.  19.36  H.  P. 

(21)  {a)  What  is  uniform  motion  ?  (d)  What  is  variable 
motion  ?  (c)  If  a  body  moves  10  feet  the  first  second, 
12  feet  the  second  second,  15  feet  the  third  second,  etc.,  is  its 
motion  uniform  or  variable,  and  why  ? 

(22)  In  a  train  of  gears  used  to  raise  a  weight  of 
6,000  pounds  in  a  manner  similar  to  that  shown  in  Fig.  612, 
the  diameters  of  the  drivers  and  belt  pulley  are  18  inches, 
12  inches,  15  inches,  and  12  inches,  and  of  the  pinions  and 
drum,  6  inches,  5  inches,  8  inches,  and  3  inches.  What 
force  must  be  applied  to  the  belt  to  raise  the  weight,  if  20^ 
of  the  total  force  is  lost  through  friction  ?  Ans.  138|  lb. 

(23)  The  pitch  diameter  of  a  gear  is  24. 16  inches,  and 
the  number  of  teeth  is  38 ;  what  is  the  pitch  ? 

Ans.  1.9974  in.' 

(24)  It  is  required  to  raise  a  load  of  1,890  pounds  by 
means  of  a  block  and  tackle  which  has  four  fixed  and  four 
movable  pulleys ;  what  force  is  required  to  be  applied  to  the 
free  end  of  the  rope  ?  Ans.  236:^^  lb. 

(25)  A  piece  of  lead  is  ^  inch  in  diameter  and  10  inches 
long;  how  much  does  it  weigh  ?  Ans.  12.91  oz. 

(26)  It  is  required  to  raise  a  weight  of  1,500  pounds  by 
means  of  a  lever  like  that  shown  in  Fig.  596.  The  length 
of  the  lever  is  4  feet,  and  the  distance  from  the  fulcrum  to 
the  weight  is  4  inches;  what  force  will  it  be  necessary  to 
apply  ?  Ans.  136yV  lb. 

(27)  Had  the  lever  in  the  above  example  been  like  that 
shown  in  Fig.  597,  what  force  would  have  been  required  ? 

Ans.  125  lb. 

(28)  What  is  {a)  a  spur-gear  ?  (d)  a  miter-gear  ?  (c)  a 
bevel-gear  ? 

(^9)  The  length  of  an  inclined  plane  is  400  feet  and 
the  height  is  45  feet.      What  force  acting  parallel    to  the 
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plane  will  be  required  to  pull  up  the  plane  a  weight  of 
4,000  pounds  ?  Ans.  450  lb. 

(30)  The  diameters  of  two  pulleys  are  14  inches  and 
18  inches,  and  the  distance  between  their  centers  is  14  feet; 
what  must  be  the  length  of  a  belt  to  drive  these  pulleys  ? 

Ans.  32  ft.  4  m. 

(31)  What  is  (a)  sl  rack  ?  (d)  a  worm-wheel  ?  (c)  a 
worm  ? 

(32)  (a)  What  distinguishes  epicycloidal  teeth  from  the 
involute  teeth  ?  (d)  Name  two  advantages  which  the  latter 
possess  over  the  former. 

(33)  An  inclined  plane  has  a  length  of  1,200  feet  and 
a  height  of  125  feet.  It  is  required  to  pull  a  load  of 
50,000  pounds  up  this   plane.     A  block  and  tackle  having 

6  fixed  and  6  movable  pulleys  is  stationed  at  the  top  of  the 
plane,  and  the  weight  end  of  the  rope  is  attached  to  the 
load.  If  the  rope  which  connects  the  block  to  the  load  is 
parallel  to  the  plane,  what  force  will  it  be  necessary  to 
exert  on  the  free  end  of  the  rope  to  pull  up  the  load,  no 
allowance  -being  made  for  friction  ?  Ans.  434  lb. 

(34)  What  do  you  understand  (a)  by  centrifugal  force? 
(d)  by  centripetal  force  ? 

(35)  Why  is  it  difficult  to  jump  from  a  rowboat  ? 

(36)  A  compound  lever,  similar  to  the  one  shown  in 
Fig.  002,  is  required  to  lift  a  weight  of  1,250  pounds.  The 
lengths  of  the  power-arms  P  F  are  30  inches,  20  inches, 
10  inches,  and  15  inches,  respectively,  and  the  lengths  of 
the  weight-arms  W F  are  6  inches,  5  inches,  4  inches,  and 

7  inches;  what  force  will  be  required  ?  Ans.  llf  lb. 

(37)  How  is  the  diameter  of  a  gear  measured  ? 

(38)  How  much  work  can  be  done  by  20  cubic  feet  of 
water  falling  from  a  height  of  50  feet  ?       Ans.  62,500  ft. -lb. 

(39)  It  is  required  to  raise  a  weight  of  18,000  pounds  by 
means  of  a  screw  having  3  threads  per  inch;  if  the  length  of 


k 


§16  MECHANICS.  5 

the  handle  is  15  inches,  and  there  is  a  loss  of  10,000  pounds, 
due  to  friction,  etc.,  what  force  will  it  be  necessary  to  apply 
to  the  handle  ?  Ans.  99  lb.,  nearly. 

(40)  If  the  distance  between  the  center  line  of  the  handle 
and  the  axis  of  the  drum  shown  in  Fig.  604  is  14^  inches, 
and  the  diameter  of  the  drum  is  5  inches,  what  load  will 
a  force  of  30  pounds  exerted  on  the  handle  raise  ? 

Ans.  174  lb. 


MECHANICS, 

(PART  2.) 


EXAMINATION   QUESTIONS- 

(1)  What  is  meant  by  the  expression,  the  resultant  of 
several  forces  ? 

(2)  If  in  Fig.  631  the  tension  in  the  rope  is  3f  tons,  and 
the  angle  at  d  between  the  directions  of  the  two  parts  of 
the  rope  is  30®,  what  is  the  total  load  on  the  shaft  of  the 
head-wheel  ? 

(3)  What  do  you  understand  {a)  by  tensile  strength  of  a 
material  ?  (b)  by  working  stress  ? 

(4)  A  close-link  wrought-iron  chain  is  made  from  f-inch 
iron ;  what  is  the  greatest  safe  load  that  it  will  carry  ? 

Ans.  1,687.5  lb. 

(5)  What  is  the  allowable  working  load  for  a  steel-wire 
rope  5i  inches  in  circumference  ?  Ans.   27,563.5  1b. 

(6)  If  a  line  5  inches  long  represents  a  force  of  20  pounds, 
{a)  how  long  must  the  line  be  to 
represent  a   force  of    1   pound  ? 
(b)  of  6i  lb  ? 

(7)  What  is  {a)  cold-rolled 
shafting  ?  (b)  bright  shafting  ? 
(r)  black  shafting  ? 

(8)  Find  the  resultant  of  the 
forces  acting  in  Fig.  I — all  acting 
towards  the  same  point  ?  '  pi©.  i. 

§17 
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(9)  What  load  can  be  safely  sustained  by  a  round  wooden 
pillar,  8  inches  in  diameter  and  10  feet  long,  having  both 
ends  flat  ?  Ans.   ISJ  tons, 

(10)  What  are  the  components  of  a  force  ? 

(11)  What  should  be  the  least  diameter  of  a  wrought- 
iron  bolt  that  is  to  resist  a  sudden  pull  of  12,000  pounds  ? 

Ans.    1.74-f  in. 

(la)     A  white-pine  beam  supported  at  both  ends  has  a 

rectangular  cross-section  8  inches  wide  by  10  inches  deep; 

if  the  beam  is  28  feet  long,  what  total  uniform  load  will  it 

support  in  safety  ?  Ans,   ri,857|lb. 

(13)  What  horsepower  can  a  10-inch  wrought -iron  crank- 
shaft transmit  when  running  at  200  revolutions  per  minuter 

Ans.  2,857^  H.P. 

(14)  A  force  of  87  pounds  atts  at  an  angle  of  'i'.}"  to  the 
horizontal;  what  are  its  horizontal  and  vertical  components? 
Find,  first,  graphically,  by  the  method  of  triangle  of  forces, 
and,  second,  by  trigonometry.  .         i  33.904  lb. 

^'  (80.0841b. 

(15)  What  is  the  greatest  safe  load  that  may  be  applied 
to  a  stud-linlc  wrought-iron  chain,  if  the  diameter  of  the  iron 
from  which  the  link  is  made  is  -J  inch  ?  Ans.  4,600  lb. 

(16)  It  is  desired  to  haul  loads  up  to  14,000  pounds  by 
means  of  an  iron-wire  rope;  what  should  be  its  circumfer- 
ence ?  Ans.  4.83  in.,  nearly. 

(17)  Two  forces  act  upon  a  body  at  a  common  point- 
one  with  a  force  of  76  pounds,  and  the  other  with  a  force  of 
40  pounds;  if  the  angle  between  them  is  60°,  and  both  forces 
act  towards  the  body,  what  is  the  value  of  the  resultant  ? 
Solve  by  the  method  of  triangle  of  forces  and  parallelogram 
of  forces,  and  mark  the  direction  of  the  resultant. 

Ans.  101+  lb. 

(18)  In  the  last  example,  if  one  force  (the  one  of  75  pounds) 
acts  away  from  the  body,  and  the  other  towards  it,  what  is 
the  resultant  ?     Solve  by  the  method  of  triangle  of  forces 
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and  parallelogram  of  forces,  and  mark  the  direction  of  the 
resultant.  Ans.  65  lb. 

(19)  If  two  forces,  of  27  pounds  and  46  pounds,  respect- 
ively, act  in  exactly  opposite  directions  upon  a  body,  what 
is  the  resultant  ? 

(20)  A  bar  of  steel  having  a  cross-section  of  If  inches 
by  3  inches  is  subjected  to  a  tensile  stress;  if  the  stress  is 
suddenly  applied,  what  is  the  greatest  load  that  it  will  safely 
carry  ?  Ans.  31,500  lb. 

(21)  In  laying  out  an  engine-plane,  it  was  found  neces- 
sary to  lead  the  rope  around  two  guiding-sheaves,  as  shown 


Fig.  II. 


in  Fig.  II.  The  portion  of  the  rope  between  the  car  and 
the  sheave  A  is  parallel  to  the  portion  of  the  rope  led  from 
the  engine  to  the  sheave  B.  The  locations  of  the  sheaves 
are  found  from  the  dimensions  jj^iven.  The  resistance  due 
to  the   cars  and  coal — that  is,  the  tension  in  the  rope— is 
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4  tons.  What  is  the  greatest  pressure  on  the  shaft  of  each 
sheave  ?  Solve  graphically  by  means  of  the  parallelogram 
of  forces.       *        j  Pressure  on  sheave  A^  12,400  lb.,  nearly. 

T  Pressure  on  sheave  B,  10,125  lb.,  nearly. 

(22)  What  is  (a)  a  stress  ?  (i)  a  strain  ?  (c)  a  unit 
stress  ? 

(23)  A  steel-wire  rope  is  used  to  haul  cars  up  an  inclined 
plane;  the  greatest  stress  in  the  rope  is  8,000  pounds;  what 
should  its  circumference  be  ?  Ans.  2.83  in. 

(24)  What  uniform  load  can  be  safely  sustained  by  a 
steel  beam  20  feet  long,  2  inches  wide,  and  6  inches  deep  ? 

Ans.   4,608  lb. 

(25)  What  is  (a)  elasticity  ?  {d)  elastic  limit  ?  (r)  What 
is  meant  by  set  ? 

(26)  What  is  the  allowable  working  load  for  an  iron-wire 
rope  6  inches  in  circumference  ?  Ans.   21,600  lb. 

(27)  What  force  is  required  to  shear  a  wrought-iron 
strip  4  feet  long  and  ^  inch  thick  ?  Ans.   960,000  lb. 

(2S)  A  7-inch  wrought-iron  crank-shaft  is  to  -transinit 
200  horsepower;  how  many  revolutions  per  minute  must  it 
make  ?  Ans.   40. S  rev.,  nearly. 

(•2*J)  An  iron-wire  rope  4  inches  in  circumference  is  used 
for  hoisting;  what  is  the  greatest  load  that  the  rope  will 
sustain  with  safety  ?  Ans.    9,600  lb. 

(:U))  A  east-iron  rectangular  cantilever  beam,  haviui^  a 
cross-section  of  \\  inches  wide  bv  "21  inches  deep,  is  4  feet 
8  in(  hes  lont:;;  how  great  a  weight  will  the  beam  sustain  at 
its  end  ?  Ans.    201  lb.,  nearlv. 

(;U)  What  horse[)ower  will  a  2|\-inch  steel  shaft  trans- 
mit when  running  at  I'iO  revolutions  per  minute,  there 
l)ein<^  pulleys  l)etween  bearinii^s  ?  Ans.    20,445  H.  P. 

(IVI)  What  safe  steady  load  can  be  sustained  by  a  1^-inch 
round  wrought-iron  bar,  the  load  producing  a  tensile  stress  ? 

Ans.   21,205.2  lb 
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(33)  What  load  will  a  hollow  cast-iron  pillar  support  with 
safety,  if  the  pillar  is  20  feet  long,  outside  diameter  14  inches, 
inside  diameter  11^  inches,  and  both  ends  are  fixed  ? 

Ans.   219.24  tons. 

(34)  What  force  is  required  to  punch  a  hole  1^  inches  in 
diameter  through  a  J-inch  steel  plate  ?  Ans.   212,058  lb. 

(35)  A  weight  of  325  pounds  rests  upon  a  smooth  inclined 
plane,  as  shown  in  Fig.  636.  If  the  angle  of  the  plane  is  15*^, 
(a)  what  is  the  perpendicular  pressure  against  it  ?  (d)  What 
force  would  it  be  necessary  to  exert  parallel  to  the  plane  to 
keep  it  from  sliding  downwards,  there  being  no  friction  ? 
Solve  by  trigonometry,  and  also  graphically  by  the  method 
of  the  triangle  of  forces.  *        j  (a)  313.93  lb. 

^'  {{d)  84.12  1b. 
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EXAMINATION  QUESTIONS. 

(1188)  {a)  What  is  heat  ?     (6)  Suppose  a  closed  vessel 

Containing  air  is  placed  in  a  furnace ;  describe  the  effect  of 

the  heat  upon  the  molecules  of  the  air.     (r)  If  the  vessel  is 

So  arranged  that  the  air  can  not  escape  or  expand,  will  the 

pressure  of  the  air  increase  as  it  is  heated  ?     (d)  Why  ? 

(1189)  {a)  What  is  temperature  ?  {/?)  Describe  the  ther- 
mometer,    (c)  Of  what  is  temperature  a  measure  ? 

(1190)  A  bar  of  iron  weighing  2A^  pounds  has  a  tempera- 
ture of  460°.  Does  the  bar  contain  more  or  less  heat  than 
10  pounds  of  water  at  60°  ? 

(1191)  (a)  What  are  some  of  the  effects  of  heat  ?  (d) 
Give  some  practical  illustrations  of  the  expansion  of  bodies 
by  heat. 

(1192)  (a)  What  is  a  B.  T.  U.  ?  {d)  What  is  latent  heat  ? 
{c)  What  is  sensible  heat  ?  {(/)  What  is  meant  by  the 
specific  heat  of  a  substance  ? 

(1193)  A  pound  of  ice  at  16°  is  heated  until  it  finally  is 
changed  to  steam  at  atmospheric  pressure,  {a)  Describe 
the  action  of  the  heat  upon  the  ice  and  water,  {d)  How 
many  B.  T.  U.  are  required  for  the  operation  ?  (c)  What 
part  of  the  heat  applied  is  sensible  heat  ?  (i/)  What  part  is 
latent  heat  ? 

(1194)  (a)  What  is  the  mechanical  equivalent  of  heat  ? 
(d)  Give  examples  of  heat  changed  to  work,  and  vice  versa, 
(c)  How  many  foot-pounds  of  work  arc  equivalent  to  30J 
B.  T.  U.?  Ans.   (r)  23,729  ft. -lb. 

(1195)  Assuming   20$^   of   the   heat  to  be  utilized,  how 

§1S    ■ 
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many  heat-units  per  hour  are  required  tn  run  an  engine  de- 
veloping 35  horsepower?  Ans.   445.372.6  B.  T.  U. 

(]19fi)  In  a  power  plant,  the  engine  e.ttracts  8^  of  the 
heat  produced  by  the  combustion  of  the  coal.  Assuming 
that  the  combustion  of  the  coal  produces  14.000  B.  T.  U. 
per  pound,  how  many  pounds  of  coal  per  H.  P.  per  hour  are 
used  by  the  engine  ?  Ans.  3.27  lb. 

(1197)  How  many  B.  T.  U.  are  required  to  raise  the 
temperature  of  22^-  pounds  of  sulphur  from  44°  to  68"? 

Ans.  100.4  B.  T.  V. 

(119S)  (a)  What  is  the  latent  heat  of  fusion  of  ice  ?  (i) 
How  many  B.  T.  U.  are  required  to  melt  a  cake  of  Ice 
weighing  11  pounds  and  having  a  temperature  of  17"? 

Ans.   (i>)  1,G07.16  B.  T.  V. 

(1  in9)  How  many  B,  T.  U.  are  required  to  raise  6  pounds 
of  superheated  steam  from  310"  to  342°? 

Ans.  92.256  B.  T.  U. 

(1200)  A  ball  of  copper  at  305",  weighing  18  pounds,  and 
an  iron  rod  at  278°,  weighing  13  pounds,  are  plunged  into  a 
bath  of  water  at  5C°,  If  the  water  weighs  33  pounds,  what 
will  be  its  final  temperature  ?  Ans.  77.45^ 

(1201)  (a)  How  many  B.  T.  U.  are  required  to  change  a 
pound  of  water  at  213"  into  steam  at  atmospheric  pressure? 
(/>)  How  many  B.  T.  U.  are  required  to  change  8  pounds  of 
water  at  63°  into  steam  at  212"?        Ans.    {d)  8,020  B.  T.  U. 

(1302)  How  many  B.  T.  U.  are  required  to  change  2.2  Ih- 
of  ice  at  23°  into  steam  at  313"?  Ans.   3,847.98  B.  T.  U. 

(1303)  (a)  What  is  saturated  steam  ?  (A)  superheated 
steam  ?  (f)  In  what  way  does  saturated  steam  differ  from 
a  perfect  gas  ? 

(1204)  (a)  What  are  the  essential  features  of  the  hori- 
zontal fire-box  or  locomotive-boiler  ?  (^)  of  the  water-tube 
boiler  ? 

(1205)  What  is  the  difference  between  an  eitemally  fired 
flue-boiler  and  a  return  tubular  boiler  ? 
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(120C)  In  a  fire-box  or  locomotive-boiler,  what  method 
is  employed  to  strengthen  the  furnace  and  the  external  por- 
tion of  the  boiler  which  surrounds  the  furnace  ? 

(1207)  Describe  four  different  ways  of  setting  boilers,  and 
how  provisions  are  made  for  their  expansion  and  contraction. 

(1208)  How  are  boilers  generally  braced  ? 

(1209)  Do  the  flues  and  tubes  used  in-  boilers  diminish 
their  strength  ?     Give  reasons. 

(1210)  What  is  about  the  level  at  which  the  water  should 
stand  in  a  horizontal  cylindrical  boiler  ? 

(1211)  What  are  water-cocks  ?  Why  should  they  be 
mounted  upon  every  boiler  i 

(1212)  {a)  What  is  air  ?  {b)  Does  the  nitrogen  of  the 
air  tend  to  increase  or  diminish  the  temperature  of  com- 
bustion in  a  furnace  ?     Why  ? 

(1213)  Can  the  combustion  of  fuels  take  place  without 
the  presence  of  oxygen  ? 

(1214)  When  hydrogen  is  burned,  what  does  it  form  with 
the  oxygen  of  the  air  ? 

(1215)  How  much  heat  is  generated  by  the  combustion 
of  the  carbonic  oxide  gas,  formed  from  one  pound  of  carbon, 
to  carbonic  acid  gas  ? 

(1216)  What  is  the  total  amount  of  heat  required  to  con- 
vert a  pound  of  water  at  32°  F.  into  steam  at  400'  F. ;  or,  in 
other  words,  what  is  the  total  heat  of  evaporation  of  one 
pound  of  saturated  steam  of  400°  F.?    Ans.  1,203.4  B.  T.  U. 

(1217)  What  is  the  total  amount  of  heat  required  to  con- 
vert a  pound  of  water  at  32°  F.  into  steam  at  a  gauge-pres- 
sure of  175  pounds  per  square  inch;  or,  in  other  words,  what 
is  the  total  heat  of  evaporation  of  one  pound  of  saturated 
steam  at  an  absolute  pressure  of  189.7  pounds  per  square 
inch  ? 

Note. — Find  temperature  first  by  formula  138. 

Ans.  1,198.6  B.  T.  U. 
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(1916)  If  we  have  5  cabic  feet  of  satdrated  steam  m  a 
qrliiuler  at  60  pounds  preisnre  above  a  vacuum,  what  will 
be  ita  pressure  after  it  has  expanded  to  S.6  times  itsoriginal 
volume,  assuming  the  expansion  to  follow  Uariotte't  law  ? 

Ana.  9.8  pounds  per  aqtiare  inch  above  the  atmoqAeik 
pressure.' 

(1919)  If  11  pounds  of  coalaie  burned  per  aqnaie  foet  of 
grate  surface  pe*  hour  in  a  furnace  havii^  a  grate  area  of 
18  square  feet,  how  manjr  B.  T.  XT.  will  be  generated  in  I 
hours,  if  the  cmnbastion  bf  the  coal  is  complete  i 

Ans.  10,106,090  R  T.  U. 

(I9S0)  How  much  air  would  have  to  be  supplied  to  -pn- ' 
mote  the  complete  combustion  of  the  coal  in  Questimt  1S18, 
if  the  furnace  is  operated  under  a  blast  draft  ? 

Ans.  1(^0100). 

(1921)  What  is  the  equivalent  of  the  heat  of  combnstkm 
of  the  fuel  in  Question  1919,  expressed  in  pounds  of  water 
evaporated  irom  69°  F.  and  at  919°  F.  ? 

Ans.  9,059.05  lb.  of  water. 

(1332)  The  pressure  in  a  boiler  is  3,600  pounds  per 
square  foot  above  a  vacuum;  what  is  the  pressure  in  the 
boiler  measured  in  pounds  per  square  inch  above  the  atmos- 
pheric pressure  ?  Ans.  10.3  lb.  per  sq.  in 

(1223)  Does  saturated  steam  contain  the  same  amount 
of  heat  per  unit  of  weight  at  all  pressures  ? 

(13S4)  If  a  vertical  boiler  were  generating  steam  at  a 
gauge- pressure  of  152  pounds  per  square  inch,  what  would 
be  the  temperature  of  the  water  in  the  boiler  ? 

Ans.  371.63°?. 
(1225)     On  placing  a  thermometer  in  a  jet  of  steam  issuing 
from  a  blow-off  pipe,  we  find  its  temperature  to  be  232"  F. ; 
what  is  the  pressure  behind  the  steam  ? 

Ans.  5.57  lb.  per  sq.  in,  gauge-pressure. 

(1326)  If  a  coal-mine  having  a  shaft  296  feet  deep  has  an 
output  of  133  tons  of  coal  per  hour,  how  many  of  the  Britisii 
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Thermal  Units  of  heat  supplied  to  the  hoisting-engines  with 
the  steam  £re  consumed  in  raising  this  coal  from  the  bottom 
of  the  shaft  ?  Ans.  100,442.15  B.  T.  U.  per  hour. 

(1227)  By  the  combustion  of  fuel  in  the  furnace  of  a 
boiler,  the  steam  generated  during  a  run  of  two  hours 
absorbed  277,160  British  Thermal  Units  of  heat;  if  none  of 
the  heat  had  been  lost  in  its  transformation  into  work 
through  the  medium  of  the  hoisting-engine  to  which  it  was 
supplied,  how  many  foot-pounds  of  work  per  hour  would  the 
engine  have  done  ?  Ans.  107,815,240  ft. -lb.  per  hr. 

(1228)  A  water-tube  boiler  is  built  up  of  a  series  of  4-inch 
lap-welded  tubes,  which  are  expanded  into  cast-iron  headers 
through  accurately  cut  holes.  The  steam  and  water  drums 
are  24  and  20  inches  in  diameter  respectively,  and  are  made 
of  single-riveted  steel  boiler-plate  ^"^  of  an  inch  thick.  The 
mud-drum  is  made  of  cast  iron,  and  is  only  10  inches  in 
diameter.  What  is  the  greatest  safe  boiler-pressure  under 
which  the  boiler  can  be  operated  ? 

Ans.  216.25  pounds  per  square  inch  above  atmospheric 
pressure. 

(1229)  A  horizontal  return  tubular  boiler  has  a  water- 
heating  surface  of  1,620  square  feet;  what  is  the  approxi- 
mate horsepower  of  the  boiler  ?  Ans.  101^^  H.P. 

(1230)  A  water-tube  boiler  has  a  total  water-heating  area 
of  3,025  square  feet;   what  is  the  probable  horsepower  of 

the  boiler  ?  Ans.  275  H.  P. 

• 

(1231)  The  sum  of  the  cross-sectional  areas  of  all  the 
tubes  of  a  348-horsepower  fire-box  tubular  boiler  amounts 
to  12  square  feet;  what  should  be  the  height  of  a  chimney 
for  this  boiler  to  produce  the  necessary  amount  of  draft  ? 

Ans.  Ill  ft. 

(1232)  Describe  two  methods  of  drying  steam  before  it 
finally  leaves  the  boiler. 

(1233)  What  is  the  difference  between  a  chimney  and  a 
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forced  nr  lilast  draft?    "What  advantage  has  the  latter  over 
the  former  ? 

(1234)  What  means  are  usually  supplied  to  facilitate  the 
cleaning  of  boilers  ? 

(1335)  Why  are  steam-gauges  a  necessary  part  of  everj' 
boiler  ? 

(1336)  Why  should  the  water  in  a  boiler  be  prevented 
from  getting  low  while  the  furnace  is  in  full  operation  ? 

(1^7)  "Why  ftre  internally  fired  boilerB  usually  bricked 
in? 

(1:^8)  How  is  the  nuuonrj  work  about  a  boiler  usually 
strengthened  ?    , 

(1S89)  Where  should  firebrick  be  used  when  settii^  a 
t>otier? 

(1240)  Describe  three  different  kinds  ot  grates  with  which 
yon  are  familiar, 

(1241)  What  is  a  steam-pipe  ?  a  feed-water  pipe  ?  a 
blow-off  pipe  ? 

(1242)  What  are  safety-valves?  Describe  the  principle 
upon  which  they  are  operated. 

(1343)  How  far  must  a  54-pound  weight  be  placed  from 
the  fulcrum  of  a  safety-valve  that  has  an  .area  of  C  square 
inches  and  is  2  inches  from  its  fulcrum,  if  the  valve  is  to 
blow  off  at  81  pounds  per  square  inch  ?  Ans.  18  in. 

(1244)  The  shell  of  a  plain  cylindrical  boiler  is-30  inches 
in  diameter  and  20  feet  long,  and  is  made  of  single-riveted 
wrought-iron  boiler-plate  f  of  an  inch  thick;  what  is  the 
greatest  boiler-pressure  under  which  it  can  be  safely 
operated  ?  Ans.  137.8  lb.  per  sq.  in. 

(1245)  (a)  What  is  meant  by  the  horsepower  of  a  boiler? 
(i)  What  is  the  standard  horsepower  ? 

(124C)  (rt)  What  is  meant  by  the  term  heating-surf  ace  t 
{b)  What  portionsof  an  ordinary  vertical  boiler  are  heating- 
surface  t 
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(1247)  If  you  were  placed  in  charge  of  a  flue-boiler  45 
inches  in  diameter,  made  of  ^-inch  double-riveted  iron 
plates,  would  you  consider  it  safe  to  carry  110  pounds 
pressure  ? 

(1248)  A  vertical  boiler  is  rated  at  35  horsepower,  (a) 
What  is  the  probable  grate-surface  ?  {d)  What  is  its  prob- 
able heating-surface  ?  (c)  Under  ordinary  conditions,  how 
much  water  per  hour  would  this  boiler  evaporate,  taking 
the  temperature  of  the  feed  at  lOQ®  and  the  steam-pressure 
at  70  pounds  ? 
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EXAMINATION  QUESTIONS. 

(1249)  Name  the  stationary  parts  of  a  plain  slide-valve 
engine. 

(1250)  In  an  indicator-diagram,  what  is  represented  by 
the  expansion-curve  of  steam  ? 

(1251)  Between  what  points  does  the  plain  slide-valve 
pass  the  central  position  of  its  travel  ? 

(1252)  What  is  the  usual  range  of  cut-off  of  the  plain 
slide-valve  ? 

(1253)  In  Figs.  807,  808,  809,  and  810  are  given  two  sets 
of  indicator-diagrams  taken  from  the  same  engine  when 
running  under  full  load  and  no  load,  respectively.  Deter- 
mine from  each  diagram  the  steam-pressure  in  the  cylinder 
of  the  engine  at  the  point  of  cut-off.  Also  the  pressure  at 
the  point  of  release  and  at  the  point  of  compression. 
What  is  the  back-pressure  in  each  case  ? 

(1254)  What  was  the  M.  E.  P.  in  the  cylinder  of  the 
engine  at  the  time  the  diagrams  shown  in  Figs.  807  and  808 
were  taken  ?  Ans.   43.29  pounds  per  sq.  in. 

(1255)  What  was  the  M.  E.  P.  in  the  cylinder  of  the 
engine  at  the  time  the  diagrams  shown  in  Figs.  809  and 
810  were  taken  ?  Ans.   14.96  pounds  per  sq.  in. 

(1256)  The  diagrams  Figs.  807  and  808  were  taken  from 
an  engine  with  a  cylinder  15  inches  in  diameter,  with 
24-inch  stroke,  and  making  87^  rev.  per  minute.  Using  the 
M.  E.  P.  found  in  Question  1254,  find  the  indicated  horse- 
power of  the  engine.  Ans.   I.  II.  P.  =:  s?  14- 

(1257)  When  working  under  no  load,  tne  engine  of  Ques- 
tion 1256  gives  the  diagrams  shown  in  Figs.  809  and  810. 
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The  M.  E.  P.  is  14.96  lb.     .What  is  the  indicated  horsepower 
in  this  case  ?  Ans.   I.  H.  P.  =  28.04. 

(1258)  What  is  the  actual  horsepower  and  efficiency  of 
the  engine  mentioned  in  Questions  1253  to  1257  ? 

A        j  Actual  horsepower  =  53.1. 
I  Efficiency  =  65.4  per  cent. 

(1259)  What  are  the  forces  which,  acting  on  the  fly-balls 
of  a  pendulum-governor,  cause  them  to  move  up  and  down 
as  the  speed  of  the  engine  varies  ? 

(1260)  What  is  a  triple-expansion  engine  ? 

(1261)  Name  the  parts  of  a  plain  slide-valve  engine  to 
which  motion  is  imparted  when  the  engine  is  running. 

(1262)  Why  are  engines  supplied  with  fly-wheels  ? 

(1263)  At  the  poi?it  of  release  of  steam  from  the  crank 
end  of  the  cylinder,  what  is  occurring  in  the  head  end  of 
the  cylinder  ? 

(1264)  What  is  the  steam-lap  of  a  plain  slide-valve,  and 
why  is  it  given  to  the  valve  ? 

(1265)  Determine  from  the  indicator-diagrams.  Figs.  807, 
808,  and  809,  810,  at  what  point  in  the  stroke  cut-off  occurs. 

(1266)  Determine  approximately  the  dimensions  of  a 
single-cylinder  non-condensing  engine  to  furnish  65  actual 
horsepower. 

(1267)  What  is  the  difference  between  a  duplex  and  a 
compound  engine  ? 

(1268)  What  is  a  vertical  or  upright  engine  ? 

(1269)  What  is  the  stroke  of  an  engine,  and  to  what  is  it 
equal  ? 

(1270)  What  is  an  eccentric,  to  what  is  it  equivalent, 
and  what  duty  does  it  perform  ? 

(1271)  What  is  meant  by  the  period  of  compression,  and 
when  does  it  occur  ? 

(1272)  What  is  the  effect  of  giving  inside  or  exhaust 
lap  to  a  plain  slide-valve  ? 
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(197S)  What  is  the  advantag^e  of  the  Coriias  nlve-^  J 
over  the  plain  slide-valve  ? 

(1874)  Find  the  I.  H.  P.  of  an  16-in.  X  24-in.  * 
whose  mean  effective  pressure  is  63.4  pounds  per  i 
inch,  and  which  makes  175  revolutions  per  minute. 

Ans.  33G.8S5I.  a.P.  ] 

(1375)  When  an  engine  has  two  cranks,  why  are  tbqf  I 
placed  at  right  angles  to  each  other  on  the  shaft  ? 

(1376)  What  initial  steam-pressure  is  generally  used  il  i 
compound   and   triple-expansion   engines,  and   how    many 
expansions  of  the  steam  are  usually  effected  in  each  type  ? 

{1277}     What  is  meant  by  the  6or^  of  a  cylinder  ? 

(1378)  When  is  steam  called  Hvtsttam^  and  in  what  fbm 
is  energy  stored  in  the  live  steam  ? 

(1379)  How  is  the  rewstance  offered  by  the  ateam  in  the 
cylinder  during  the  period  of  compression  overocMne  ? 

(1380)  (a)  What  are  the  "  dOul-center  "  positions  of  the 
crank  and  piston  ?  {b)  How  many  times  is  the  crank  on  a 
dead-center  during  one  revolution  of  the  f!y-wheel  ? 

(1281)  What  is  a  steam-engine  indicator,  and  how  is  it 
attached  to  the  cylinder  of  a  steam-engine  ? 

(1383)  Why  do  duplex,  cross-compound,  and  triple- 
expansion  engines  usually  run  more  smoothly  than  single- 
cylinder  or  tandem-compound  engines  ? 

(1383)  What  is  the  counterbore  of  a  cylinder,  and  why  is 
counterbore  given  to  a  cylinder? 

(1384)  What  is  meant  by  back-pressure? 

(1385)  What  is  meant  by  the  period  of  release,  and  what 
L)oint  marks  ils  end  ? 

{12SG)  In  what  direction  should  the  fly-wheel  be  rotated 
when  determining  the  dead-center  positions  of  the  crank? 

(1287)  How  many  springs  are  there  in  an  indicator,  and 
Ahat  is  the  use  of  each  ? 

(1288)  If  a  condenser  capable  of  producing  a  j-  vacuum 
had  been  used  in  connection  with  the  engine  from  whicb 
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the  cards  shown  in  Figs.  807,  808  and  809,  810  were  taken, 
what  would  have  been  the  effect  upon  the  back-pressure 
line  of  the  cards  ? 

(1289)  How  are  hoisting  and  tail-rope  haulage-engines 
g^overned  ? 

(1290)  What  is  meant  by  clearance  of  a  steam-cylinder  ? 

(1291)  How  is  motion  imparted  to  the  slide-valve  ? 

(1292)  During  the  period  of  expansion  in  the  crank  end 
i  the  cylinder,  what  occurs  in  the  head  end  of  the  cylinder  ? 

(1293)  What  does  the  compression-curve  show  ? 

(1294)  In  what  direction  should  the  fly-wheel  be  rotated 
rhen  setting  a  plain  slide-valve  ? 

(1295)  What  is  meant  by  a  Jfi-pound^  a  20-pound^  or  a 
5'pound  indicator-spring? 

(1296)  What  is  the  scale  of  an  indicator-spring  ? 

(1297)  What  is  the  advantage  of  using  the  condensed 
team  from  a  condenser,  as  boiler  feed-water  ? 

(1298)  What  outlet  is  provided  in  steam-cylinders  for  the 
lischarge  of  water  that  may  accumulate  as  the  result  of 
he  condensation  of  steam  ? 

(1299)  What  is  the  angle  between  the  crank  and  eccen- 
ric  ? 

(1300)  If  a  valve  has  a  slight  lead,  does  the  point  of 
.dmission  occur  at  the  beginning  or  end  of  the  stroke  ? 

(1301)  What  conditions  must  be  fulfilled  in  setting  a 
)lain  slide-valve  ? 

(1302)  Why  is  it  necessary  to  employ  a  reducing  motion 
n  connection  with  an  indicator  ? 

(1303)  If  a  non-condensing  engine  is  working  under  a 
)oiler-pressure  of  75  pounds  per  square  inch,  what  is  the 
ipproximate  M.  E.  P.  if  the  engine  cuts  off  at  y\  stroke  ? 
it  \  stroke  ? 

Ans.   41.80  and  5)5.10  lb.  per  sq.  in.,  respectively. 

(1304)  What  is  the  principle  that  insures  the  action  of 
•team-engine  governors  ? 

24—36 
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(130S)  What  is  the  difference  between  first  and  second 
motion  hoisting-engines  ? 

(13UC)     Why  is  a  piston  supplied  with  split  rings? 

(1307)  What  is  meant  by  the  point  of  cut-off  f 

(1308)  If  a  valve  has  no  lead,  is  the  steam-port  opened  or 
closed  when  the  crank  is  on  its  dead-center  ? 

(1309)  What  is  meant  by  a  valve  having  Uadf 

(1310)  An    engine    has  a  piston  speed   of    350    feet  pet 
minute,  and  makes  175  revolutions  per  minute;   what  is  the  1 
length  of  the  stroke  ?  Ans.    12  inches.   ' 

(1311)  Explain  the  relative  duties  of  a  governor  and  fly- 
wheel in  effecting  the  regulation  of  the  speed  of  the  engine. 

(1312)  Explain  the  action  of  the  compound  and  of  the 
triple-expansion  engine. 

(1313)  What  are  stuffing-boxes,  and  why  are  they  a 
necessary  part  of  every  engine  ? 

(1314)  What  is  meant  by  the  atmospheric  linef 

(1315)  How  do  you  determine  the  length  of  the  stroke 
and  point  of  cut-off  of  an  engine  ? 

(1316)  It  is  desired  to  take  an  indicator-diagram  3  inches 
in  length  from  an  engine  of  which  the  length  of  the  stroke 
is  Vi,  inches  and  the  effective  length  of  the  reducing-levcr 
is  96  inches;  what  is  the  distance  of  the  point  on  the 
lever  below  the  center  of  the  fulcrum  at  which  the  cord  is 
to  be  attached  ?  Ans.   24  inches. 

(1317)  An  engine  has  a  stroke  of  48  inches,  and  makes  50 
revolutions  per  minute;  what  is  the  piston  speed  ? 

Ans.   400  feet  per  minute. 

(1318)  What  takes  the  place  of  the  fly-wheel  in  hoisting 
and  haulage  engines,  which  have  no  fly-wheels  ? 

(1319)  What  is  the  difference  between  a  tandem  and  3 
cross-compound  engine  ?  What  are  the  advantages  of  the 
tandem  type  ?     of  the  cross- com  pound  type  ? 

(1320)  What  is  the  perivd  of  expansion,  and  what  points 
mark  its  beginning  and  end  ? 
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(1321)  Between  what  points  are  the  steam-ports  fully 
open  by  the  valve  to  the  admission  of  live  steam  into  the 
cylinder  ? 

(1322)  Find  the  I.  H.  P.  developed  by  a  22-in.  x  18-in. 
engine  making  200  revolutions  per  minute.  The  M.  E.  P. 
is  43. 4  lb.  per  sq.  in.  Ans.  300  I.  H.  P. 

(1323)  What  is  meant  by  the  term  mean  effective 
pressure  f 

(1324)  An  engine  has  a  piston  speed  of  750  feet  per  minute 
and  a  stroke  of  60  inches;  how  many  revolutions  does  the 
crank  make  per  minute  ?  Ans.  75. 

(1325)  What  is  the  difference  between  an  automatic  and 
a  throttling  governor  ? 

(1326)  What  are  the  advantages  to  be  gained  by  com* 
pounding  ? 


AIR  AND  AIR  COMPRESSION. 


EXAMINATION   QUESTIONS. 

(1327)  What  do  you  understand  by  tension  of  gases  ? 

(1328)  A  cylinder  filled  with  compressed  air  supports  a 
column  of  mercury  4  feet  high ;  (a)  what  is  the  tension  of 
the  air  in  pounds  per  square  inch  ?  (6)  in  atmospheres  ? 
Take  the  weight  of  a  cubic  inch  of  mercury  in  all  cases  as 
.49  pound.  ^^g    (  (a)  23.52  lb. 

(  (6)  l.Gatmos. 

(1329)  By  reason  of  a  partial  vacuum,  a  column  of  water 
15  feet  in  height  is  supported;  what  is  the  tension  of  the 
confined  air  in  pounds  per  square  inch  ? 

Ans.  8.24f>  lb.  per  sq.  in. 

(1330)  What  are  the  advantages  to  be  derived  from  using 
compressed  air  in  mining  operations  ? 

(1331)  Why  should  cold  free  air  be  used  for  compression  ? 

(1332)  Suppose  that  air  was  compressed  adiabatically 
and  used  immediately,  expanding  adiabatically  back  to  the 
original  pressure.  Would  there  be  any  loss  due  to  adiabatic 
instead  of  isothermal  compression  in  this  case  ?     Why  ? 

(1333)  (a)  What  is  a  luct  air-compressor  ?  (6)  What  are 
its  advantages  and  disadvantages  ? 

(1334)  Describe  the  duplex  air-compressor,  and  explain 
how  the  arrangement  affects  the  distribution  of  power  be- 
tween the  two  compressors. 

(1335)  Describe  the  compound  air-compressor,  and  show 
wherein  lies  its  advantage  over  the  single-cylinder 
compressor. 
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(1336)  Describe  a  device  for  preventing  the  moisture  in 
the  exhausi-air  of  a  compressed-air  engine  from  freezing. 

(1337)  (a)  What  is  an  adiabatic  curve  ?  (j^)  Which  re- 
quires the  more  work,  adiabatic  compression  or  isothermal 
compression,  other  conditions  being  the  same  ? 

(133HI)  The  temperature  of  the  discharged  air  of  an  air- 
compressor,  the  tension  of  which  is  -M)  pounds  per  square 
inch,  is  130°;  when  it  has  cooled  down  to  the  temperature  of 
the  surrounding  air,  which  is  55",  what  is  its  tension  ? 

Ans.  35.51  lb. 

(1889)  The  stroke  and  diameter  of  the  piston  of  a  blow- 
iag-engine  (one  form  of  an  air-compressor)  are  each  W 
inchcss.  The  valves  are  so  set  that  they  will  open  for  dil- 
charge  when  the  tension  of  the  compressed  air  becomes  9 
potinds  above  the  atmosphere,  (a)  At  what  point  of  the 
Stroke  will  the  valves  open  ?  {/>)  How  many  cubic  feet  ot 
air  Ifaving  this  tension  will  be  discharged  during  one  stroke 
of  the  piston,  the  temperature  being  constant  throughout  i 
An  i  t")  30.38  in. 
^'  (  {*)  144.3icu.ft. 

(1340)  What  should  be  the  size  of  the  steam-cylinder  of 
an  air-compressor  required  to  furnish  sufficient  power  to 
drive  a  25-horsepower  plant  ?  Assume  the  boiler-pressure 
to  be  92  pounds,  the  cut-off  to  be  |,  the  ratio  of  the  stroke 
to  the  cylinder  diameter  to  be  Ig,  the  number  of  strokes 
340  per  minute,  and  the  loss  of  power  35^. 

Ans.  8f  in.  x  11^  in.,  nearly. 

(1341)  If  indicator-diagrams  are  taken  at  the  same  time 
from  the  steam-cylinder  and  the  air-cylinder  of  a  compressor, 
which  will  show  the  greater  indicated  horsepower  ?  How 
can  you  account  for  the  difference  between  the  horsepowers 
shown  by  the  diagrams? 

(1342)  Describe  the  electric  reheater. 

(1343)  The  diameter  and  stroke  of  the  piston  of  an  air 
compressor  are  20  inches  and  33  inches  respectively.  If  the 
discharge -valve  opens  when  the  piston   has  completed  S6 
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mches  of  its  stroke,  (a)  what  is  the  volume  of  the  contained 
air  ?  (d)  the  weight  of  the  air  ?  The  temperature  remains 
at  76°  throughout. 

Ans   -I  (^)  1,884.96  cu.  in.  =  1.0908  cu.  ft. 
^'  1  {d)  .43143  lb. 

(1344)  In  example  1343,  what  is  the  tension  of  the  air 
discharged  ?  Ans.  78.4  lb.  per  sq.  in. 

(1345)  A  closed  vessel  fitted  with  a  piston  contains  air 
under  a  pressure  of  three  atmospheres.  If  the  piston  is  so 
moved  that  the  volume  is  24-  times  its  former  volun^e,  what 
is  the  tension  of  the  gas  in  pounds  per  square  inch  ?  The 
temperature  is  the  same  in  both  cases. 

Ans.   17.04  lb.  per  sq.  in. 

(1346)  A  certain  quantity  of  air,  under  a  pressure  of  1^ 
atmospheres  and  a  temperature  of  75°,  weighs  7.14  pounds; 
what  is  its  volume  ?  Ans.   04.008  cu.  ft. 

(1347)  A  certain  quantity  of  air  under  a  pressure  of  3^- 
atmospheres  weighs  13  pounds.  After  expanding  under  a 
constant  temperature,  the  weight  of  the  same  quantity  is 
only  2  pounds.     What  is  the  tension  of  the  air  ? 

Ans.   7.015  lb.  per  sq.  in. 

(1348)  The  stroke  of  a  piston  of  an  air-compressor  is 
60  inches.  When  the  piston  has  traveled  50  inches,  what  is 
the  tension  (the  temperature  at  discharge  being  1150")  of  the 
enclosed  air,  assuming  that  the  delivery-valves  do  not  open 
until  this  point  is  reached  ?  The  original  temperature  is  00°. 
The  diameter  of  the  piston  is  48  inches.  Obtain  the  weight 
of  the  air,  and  then  calculate  the  tension. 

Ans.    100.000  lb.  per.  sq.  in. 

(1349)  A  pound  of  air  has  a  temperature  of  127°  and  a 
tension  of  27  pounds  per  square  inch.     What  is  its  volume  ? 

Ans.   8.042  cu.  ft. 

(1350)  The  weight  of  a  certain  body  of  air  having  a 
tension  of  4,000  pounds  per  square  foot  and  a  temperature 
of  100®  is  .5  pound.     What  is  its  volume  ? 

Ans.   3.728  cu.  ft. 
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(1351)     Four  cubic  fett  of  air  are  heated  under  a  constant 

pressure  from  40°  to  116".     What  is  the  resulting  volume? 

Ans.   i.fiOia  cu.  ft 

(13d2)  State  the  advantages  of  cooling  air  during  com- 
pression; of  reheating  it. 

(1353)  What  are  the  absolute  temperatures  correspood- 
ing  to  32°,  212°,  62°,  0°,  and  —-10°? 

(1354)  Three  and  one-half  pounds  of  air  under  a  pressure 
of  10  atmospheres  occupy  a  volume  of  4  cubic  feet;  whatia 
the  temperature  ?  Ans.  —5.583°. 

(i:tfi5)  State  some  of  the  disadvantages  of  the  duplet 
type  of  air-compressor. 

(ia5U)  Jl.  798  cubic  feet  of  air  are  under  a  pressure  o£ 
130  pounds  per  sqtiare  inch.  I£  the  pressofe  is  lessened 
until  the  volnme  is  70  cubic  feet,  what  is  the  resulting 
tension  ?  Ans.  30.45  lb.  per  sq.  in. 

(1397)  What  is  the  temperature  of  14  cubic  feet  ot  air 
having  a  tension  of  18  pounds  per  square  inch  and  weighing 
1.3  pounds?  Ans.   107.77°. 

(1358)  Twenty-one  cubic  feet  of  air  are  heated  from  60° 
to  420° ;  what  is  the  new  volume  ?  Ans.   35. 57  cu.  ft 

(1359)  If  13  cubic  feet  of  air  have  a  temperature  of  90° 
and  a  tension  of  G  atmospheres  gauge,  what  is  the  weightof 
1  cubic  foot?  Ans.    .505861b. 

(I3(j0)  A  vessel  containing  3  cubic  feet  of  air,  weighing 
.5  pound  under  a  pressure  of  one  atmosphere,  has  compressed 
into  it  enough  more  of  the  air  to  make  it  weigh  1  pound  and 
6  ounces;  the  temperature  remaining  the  same,  what  is  the 
new  tension  of  the  air  in  pounds  per  square  inch  ? 

Ans.  40.425  lb.  per  sq.  io- 

(1361)  If  4,516  cubic  inches  of  gas  having  a  temperature 
of  260°  are  cooled  down  tn  a  temperature  of  80",  the  pres- 
sure remaining  the  same,  what  is  the  new  volume  ? 

Ans.  1.96  cu.  ft 
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(1362)  If  55  cubic  feet  of  air  under  a  pressure  of  IJ  at- 
mospheres have  a  temperature  of  88°,  what  is  the  weight  ? 

Ans.  4.986  lb. 

(1363)  Two  vessels,  the  volumes  of  which  are  each  7^ 
cubic  feet,  are  filled  with  air;  the  temperature  is  the  same 
in  both,  but  the  pressure  in  one  is  two  atmospheres,  and  in 
the  other  40  pounds  per  square  inch.  If  all  of  the  air  in  one 
vessel  is  compressed  into  the  other,  what  is  the  pressure  of 
the  mixture  after  it  has  cooled  down  to  the  original  tem- 
perature ?  Ans.   09. 4  lb.  per  sq.  in. 

(1364)  If  you  are  told  that  the  vacuum-gauge  of  a  con- 
denser shows  23  inches  vacuum,  what  do  you  understand  by 
it  ?     What  is  the  pressure  in  the  condenser  ? 

(1365)  What  is  a  pressure  of  one  atmosphere  equivalent 
to  in  pounds  per  square  foot  ?        Ans.   2,11(>.8  lb.  per  sq.  ft. 

(1366)  If  the  weight  of  3  cubic  feet  of  air  at  a  certain 
temperature  and  under  a  pressure  of  30  pounds  per  square 
inch  is  .27  pound,  what  is  the  weight  of  one  cubic  foot  under 
a  pressure  of  65  pounds  per  square  inch  at  the  same  tem- 
perature ?  Ans.   0.195  lb. 

(1367)  In  example  1366,  what  is  the  temperature  of  the 
air?  Ans.  440.64°. 

(1368)  Two  gases,  oxygen  and  nitrogen,  are  mixed 
together  in  a  vessel  containing  20  cubic  feet.  The  vohnne 
and  tension  of  the  oxygen  are  12  cubic  feet  and  one  atmos- 
phere, respectively,  and  of  the  nitrogen  8  cubic  feet  and 
three  atmospheres.  The  temperature  of  the  two  gases  and 
of  the  mixture  remaining  the  same  throughout,  what  is  the 
tension  of  the  mixture  ?  Ans.   26.46  lb.  per  sq.  in. 

(1369)  In  example  1368,  suppose  that  the  volume  of  the 
mixture  is  not  known,  and  that  the  pressure  is  required  to 
be  24  pounds  per  square  inch;  what  is  the  volume  of  the 
mixture?.  Ans.  22.05  cu.  ft. 

(1370)  What  is  a  vacuum  ?     Illustrate  it. 

(1371)  An  air-pump  produces  a  vacuum  of  ^V  ^^  ^^  ^'^^^ 
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of  mercury;  what  is  the  equivalent  pressure  upon  a  square 
foot  ?  Ans.   1.764  lb. 

(1373)  What  is  a  partial  vtuuumf  If  enough  air  is 
admitted  to  the  vacuum-chamber  in  cause  the  column  of 
mercury  to  be  ■k\  inches  shorter  than  the  barometer  column, 
how  many  inches  of  vacuum  will  the  gauge  show  ? 

Ans.  25i  in. 

(1373)  A  vacuum  of  27  inches  will  support  a  column  of 
water  of  what  height  ?  Ans.  30.6  ft. 

(1374)  What  is  the  purpose  of  a  pressure -regulator  f 
Describe  its  action. 

(1375)  What  is  the  office  of  the  receiver  ?  What  shouW 
be  the  volume  of  a  receiver  which  supplies  air  to  8  rock- 
drills  ? 

(137G)  What  is  meant  by  the  efficiency  of  an  air-com- 
pressor ?  Slate  fully  the  losses  which  may  occur  when  com- 
pressed air  is  used.  What  means  should  be  adopted  to 
reduce  these  losses  as  far  as  possible  ? 
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EXAMINATION  QUESTIONS. 

Note. — Pipe  diameters  are  given  to  the  nearest  i  inch ;  plunger 
piston,  and  cylinder  diameters  to  the  nearest  i  inch. 

(1377)  A  weir  whose  top  is  3  feet  6  inches  below  the  sur- 
face of  the  water  is  2  feet  deep  and  30  inches  broad ;  (a) 
what  is  the  .actual  mean  velocity  ?  (d)  What  is  the  dis- 
charge in  cubic  feet  per  second  ?  (r)  in  gallons  per  hour  ? 

t  {a)  10.44  ft.  per  sec. 
Ans.  •<  (d)  52.21  cu.  ft.  per  sec 

(  [c)  1,405,910.9  gal.  per  hour. 

(1378)  A  pipe  12,000  feet  long  and  7^  inches  in  diameter 
discharges  water  under  a  head  of  70  feet ;  what  is  the  dis- 
charge in  gallons  per  minute  ?  Ans.  447.7  gal. 

(1379)  In  the  last  example,  (a)  wtiat  is  the  velocity  of 
discharge  in  feet  per  minute  ?  (^)  What  is  the  discharge 
in  cu.  ft.  per  second  ? 


Ans   I  (^)  1^5.08  ft.  per  min. 
'({/?)  1  cu.  ft.,  nearly. 


(1380)  An  8-inch  pipe  has  a  hole  in  it  ^  of  an  inch  in 
diameter;  what  would  be  the  theoretical  velocity  of  efflux  if 
the  surface  of  the  water  were  10  feet  above  the  center  of  the 
hole  ?  Ans.   25.36  ft.  per  sec. 

(1381)  What  must  be  the  necessary  head  in  order  that  a 
e^-inch  pipe,  1,500  feet  long,  shall  discharge  42,000  gallons 
of  water  per  hour  ?  Ans.   42. 48  ft. 

(1382)  A  vertical  cylinder  having  a  diameter  of  20  inches 
and  a  length  inside  of  36  inches  is  filled  with  water.  A  pipe 
having  a  diameter  of  f  of  an  inch  is  screwed  into  the  upper 
head,  and  fitted  with  a  piston  weighing  10  ounces,  on  which 
is  laid  a  weight  of  25  pounds.      If  the  end  of  the  pipe  is  10 
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feet  above  the  Itvel  <.f  the  walcr  in  the  cylinder,  (ii)trhatii 
the  pressure  per  sq.  in.  on  the  bottom  of  the  cylinder !  {i] 
oa  the  top?  (r)  What  equivalent  weiglit  laid  oo  the  lower 
cylinder-bead  would  replace  the  pressure  it  sustains  ? 

(  (a)  237.75  lb. 
Ans.  )  (6)  330.451b. 
(  (f)  7-i,f.92.171b. 

(1383)  If,  in  Question  1388,  a  hole  one  inch  in  diameter  is 
drilled  through  the  cylinder-wall  in  the  middle  of  its  length, 
and  is  covered  by  a  flat  plate  in  such  a  manner  that  the 
water  can  not  leak  out,  what  is  the  pressure  against  the 
plate?  Ans.   186.231b. 

{ 1  -iSi)  What  is  the  mean  velocity  of  efBux  from  a  straight 
piiw  4  inches  in  diameter  and  4,000  feet  long,  under  a  head 
of  1-20  feet  ?  Ans.  5.38  ft.  per  sec. 

(1385)  If  the  length  of  the  pipe  in  Question  13s4  had  been 
2,UtiO  feet,  what  would  the  velocity  of  discharge  have  been 
in  feet  per  second  ?  Ans.  7.79  ft.  per  sec. 

(1386)  A  10-inch  pipe  6,280  feet  long  is  required  to  deliver 
water  with  a  velocity  of  8  feet  per  second ;  (a)  what  is  the 
necessary  head?  (i)  What  is  the  discharge  in  gallons  per 
hour?  j^^^    j  (a)  130.73ft. 

'"  }  (*)  117,504  gal.  per  hour. 

(1387)  What  is  the  actual  velocity  of  discharge  from  a 
small  square-edged  orifice  in  the  side  of  a  vessel,  if  the  water 
at  the  center  of  the  orifice  has  a  pressure  of  30  pounds  per 
square  inch  ?  Ans.   65.34  ft.  per  sec. 

(1388)  The  upper  base  of  a  cylinder  submerged  in  water 
is  40  feet  below  the  surface.  The  diameter  of  the  cylinder 
is  20  inches,  the  altitude  36  inches,  and  the  bases  are  parallel. 
If  the  bases  are  horizontal,  (.i)  what  is  the  upward  pressure 
of  the  water  on  the  cylinder  ?  (6)  the  downward  pressure  on 
the  lop  of  the  cylinder  ?  j^^^    (  (a)  5,863.20  lb. 

■  )    (i)   5,454.19  lb. 

(138!l)     A  jet  of  water  issues  with  a  velocity  of  33  feet  per 

second;  what   would    be   the   theoretical  head  necessary  to 

give  it  this  velocity  ?  Ans.    16.931ft. 
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J90)  A  weir  having  a  depth  of  15  inches  and  a  breadth 
inches  has  its  top  on  a  level  with  the  upper  surface  of  the 
r ;  (a)  how  many  gallons  will  it  discharge  per  hour  ?  (d) 
t  is  the  actual  mean  velocity  in  feet  per  second  ? 

Ans   \  ^"^^  216,551  gal.,  nearly. 
'  (  (d)  3. 076  ft.  per  sec. 

191)  A  3-inch  pipe,  6,000  feet  long,  is  required  to  de- 
water  at  a  velocity  of  12  feet  per  second ;  what  head  is 
isary  ?  Ans.  1,040.37  ft. 

^92)  A  5-inch  pipe  discharges  water  with  a  velocity  of 
jet  per  second;  how  many  gallons  will  it  discharge  in 
lay?  Ans.   634,478  gal. 

193)  A  Scinch  pipe  discharges  38,000  gallons  of  water 
lOur;  what  is  the  mean  velocity  in  feet  per  second  ? 

Ans.  8. 5526  ft.  per  sec. 

■ 

194)  A  weir  whose  top  is  on  a  level  with  the  upper  sur- 
of  the  water  is  27  inches  broad  and  36  inches  deep;  {a) 

is  the  actual  discharge  in  cubic  feet  per  second  ?  {i) 
t  is  the  theoretical  discharge  ?      *        j  {a)  38.44  cu.  ft. 

"^*  (  (/;)  62.5  cu.  ft. 

195)  If  the  surface  of  the  water  in  a  6-inch  pipe  is  45  feet 
e  the  discharge-orifice,  which  is  1^  inches  in  diameter,  {a) 

will  be  the  theoretical  velocity  of  efflux  ?  (d)  If  the 
r  surface  of  the  water  sustains  an  additional  pressure  of 
►unds  per  square  inch,  what  will  be  the  velocity  of  efflux  ? 

A        j  {a)  53.8  ft.  per  sec. 
^^'  (  {/?)  06.153  ft.  per  sec. 

i96)  What  is  the  discharge  in  gallons  per  second  from 
ich  pipe,  if  the  mean  velocity  is  7.5  feet  per  second  ? 

Ans.   11.016  gal. 

97)  What  is  the  actual  velocity  of  discharge  through 
rt  tube  whose  lengtli  is  twice  the  diameter  of  the  orifice, 
5  pressure  of  tlie  water  at  the  point  of  discharge  is  41 
ds  per  square  inch  ?  Ans.   70.39  ft.  per  sec. 
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(1398)  A  ■1-inch  pipe  discharges  12,i>«Xi  gallons  per  hour; 
what  is  the  mean  velocity  of  discharge  in  feet  per  second? 

Ans.  5.106  ft.  per  sec. 

(1399)  The  cylinder  of  a  hydraulic  press  is  10  inches  in 
diameter.  The  plunger  is  forced  outwards  by  means  of  a 
small  pump  which  supplies  the  press-cylinder  with  water, 
its  piston  being  J  inch  in  diameter  and  stroke  IJ  inches.  I(a 
force  of  100  pounds  is  applied  to  the  pump-piston,  (u)  how 
great  a  force  can  it  exert  on  the  plunger  ?  {/>)  How  far  docs 
the  plunger  advance  for  one  stroke  of  the  piston  ? 

^^1(«0  40,000  lb. 
t  (6)  .00375  in. 

(1400)  How  many  gallons  per  minute  will  a  weir  U 
inches  by  20  inches  discharge,  if  the  top  of  the  weir  is  9  feet 
below  the  upper  surface  of  the  liquid,  (a)  when  the  long  side 
is  vertical  ?  (i)  when  the  short  side  is  vertical  7 

Ans    i  ^"^   13,491.22  gal. 
■  1    (*)  13.322.47  gal. 

(1401)  What  is  the  mean  velocity  for  both  cases  of  Ques- 
tion 1400?  j^     i  {a)  15.46  ft.  per  sec 

I  (*)  15.264  ft.  per  sec 

(1403)     What  is  the  theoretical  mean  velocity  of  discharge 

through  a  weir  whose  depth  is  3  feet  and  whose  top  is  level 

with  the  upper  surface  of  the  water  ?     Ans.  9.26  ft.  per  sec 

(1403)  The  surface  of  the  water  contained  in  a  vessel  is 
10  feet  above  the  ground ;  (a)  what  is  the  range  of  the  water 
issuing  from  an  orifice  4  feet  9  inches  from  the  top  ?  (*) 
How  far  below  the  surface  is  the  other  point  of  equal  range  ? 
(c)  What  is  the  greatest  range  ?  .        j  (a)  16.464  ft. 

■  (  {<:)  19  ft. 

(1404)  A  5-inch  pipe  1,300  feet  I<Mig  discharges  water 
under  a  head  of  25  feet ;  what  is  the  number  of  gallons  dis- 
charged per  hour?  Ans.  17,368.95  gaL 

(1405)  What  values  of /would  you  use  for  »„  =  3.37, 
3.19,  5.8,  7.4,  9,83,  and  11.5,  respectively  ? 

(1406)  What  would  be  the  total  pressure  Qn  a,  c\ibc,  one 
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edge  of  which  measures  10^  inches,  if  sunk  3^  miles  below 
sea-level  ? 

(1 407)  The  diameter  of  the  bottom  of  a  pail  is  8  inches, 

and  the  height  of  the  contained  water  is  12  inches;  (a)  what 

is  the  total  pressure  on  the  bottom  of  the  pail  ?     (6)  What 

is  the  pressure  per  square  inch  ? 

Ans.  \  (^)  21-83  lb. 

(  (a)  .434  lb.  per  sq.  in. 

(1408)  What  must  be  the  diameter  of  a  pump-plunger  to 
throw  8,000  gallons  per  hour,  the  length  of  the  stroke  being 
10  feet,  and  the  number  of  strokes  per  minute  7  ?    Ans.  7f  in. 

(1409)  What  are  the  advantages  of  the  pulsometer  ? 

(1410)  If  a  suction-pump  lifts  water  25.5  feet  near  the 
sea-level,  where  the  height  of  the  mercury  column  is  30 
inches,  how  high  will  the  same  pump  lift  water  on  the  top  of 
a  mountain,  where  the  mercury  stands  at  22  inches  ? 

Ans.  18.7  ft. 

(1411)  A  dam  is  40  feet  long  and  12  feet  high;  what  is 
the  total  pressure  on  the  dam  ?  Assume  that  a  cubic  foot  of 
water  weighs  62^^  pounds.  Ans.  180,000  lb. 

(1412)  Calculate  the  diameters  of  the  plunger,  of  the 
suction-pipe,  and  of  the  delivery-pipe  for  a  double-acting 
pump  throwing  750  gallons  per  minute.  Assume  100  feet 
per  minute  as  piston  speed.  {  Plunger,    15  in. 

Ans.  <  Delivery,     7  in. 
(  Suction,     10  in. 

(1413)  The  total  length  of  a  siphon  is  840  feet,  the  head 
is  40  feet,  and  the  diameter  G  inches;  what  is  the  discharge 
in  gallons  per  hour  ?  Ans.  44,553.0  gal.  per  hr. 

(1414)  The  lever  of  a  hydraulic  press  is  7^  feet  long,  the 
piston-rod  being  1  foot  from  the  fulcrum.  The  area  of  the 
tube  is  -J-  a  square  inch ;  that  of  the  cylinder  80  square  inches. 
What  weight  may  be  raised  by  a  force  of  80  pounds  applied 
at  the  end  of  the  lever  ?  Ans.  00,000  lb. 

(1415)  A  duplex  electric  sinking-pump  lifts  200  gallons 


fi  HYDROMECHANICS  AND  PUMPING.       |)1 

per  minute  to  a  height  of  250  feet.     The  piston  speed  is  150 
feet  per  min. 

{a)     What  should  be  the  diameter  of  the  plunger! 

{i)     What  should  he  the  diameter  of  the  suction-pipe? 

((-)     What  should  he  the  dianicler  of  the  delivery-pipe? 

(J)    What  should  be  the  H.  P.  of  the  motor  ? 

'  {")  H  in. 
[d)  5  in. 
(r)  Hux         ] 
(</)l!.H.?       ' 

(U16)     A  hydrant  is  210  feet  below  the  surface  of  ihe 
water-supply:  {«)  what  is  the  pressure  of  the  water  issuing     : 
from  the  hydrant,  and  (*)  what  is  the  theoretical  velocity' 

Ans   i  f*)  '.'l-lilb.  persq-ia.    | 

■  t  (6)  116.22  It  persec  i 
■  (1417)  Calculate  the  size  of  the  steam  and  water  cylin- 
ders of  a  duplex  direct-acting  steam-pump  to  lift  a7,O00 
gallons  per  hour  to  a  height  of  240  feet.  Assume  the  steam- 
pressure  as  85  pounds  per  square  inch  and  piston  speed  as 
90  feet  per  minute. 

A        (  Diameter  of  steam-cylinder,  10|  in, 

I  Diameter  of  plunger,  8}  in. 

(1418)     A  water-works  stand-pipe  is  filled  with  water  to 

the  height  of  70  feet;  (a)  what  is  the  lateral  pressure  per 

square  inch  at  the  lowest  point  of  the  stand-pipe  ?     (6)  at  a 

distance  of  30  feet  from  the  top  of  the  water  ? 

Ans   \  {"'>  30.38  1b.  per  sq.  in 

■  (  id)  13.03  lb.  per  sq.in. 
(1410)     Why  are  air-chambers  used  on  pumps  ? 

(1420)  The  diameters  of  the  steam -cylinders  of  a  duplex 
direct-acting  pump  are  22  inches.  The  diameters  of  the 
water-cylinders  are  14  inches.  The  steam -pressure  is  45 
pounds  and  the  piston  speed  100  feet  per  minute;  (a)  how 
many  gallons  per  hour  will  this  pump  raise,  and  (d)  to  what 
height?  j^^^    j(«)  76,769.28  gal.  per  hr. 

'  \i)   213.22  ft. 
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(1421)  The  plunger  of  a  Cornish  pump  is  3mT  feet  below 
le  mouth  of  the  discharge-pipe ;  what  is  the  pressure  per 
(uare  inch  on  the  plunger-cylinder  when  discharging  water 
:  the  surface  ?  Ans.  133.238  lb.  per  sq.  in. 

(1422)  Why  must  the  pit-work  of  surface  engines  be 
ilanced  ?     Explain  fully. 

(1423)  Water  flows  through  a  2^-inch  pipe,  2,tX)0  feet 
ng,  with  a  velocity  of  3.3  feet  per  second;  w^hat  is  the 
?ad  ?  Ans.  39.12  ft. 

(1424)  (a)  What  horsepower  is  required  to  raise  80,000 
illons  per  hour  to  a  height  of  420  feet  ?  {b)  What  should 
;  the  horsepower  of  the  pumping-engine  to  accomplish 
is?  ^^      ((.)  141.87  H.  P. 

((*)   212.8  H.  P. 

(1425)  A  pump  lifts  30,000  gallons  of  water  per  hour  to 
height  of  290  feet ;  600  pounds  of  coal  per  hour  are  burned ; 
fiat  is  the  duty  ?  Ans.  12,114,750  ft. -lb. 

(1426)  A  6-inch  pipe,  6,500  feet  in  length,  has  a  head  of 
0  feet;  what  is  the  mean  velocity  of  efflux  ? 

Ans.   7.17  ft.  per  sec. 

(1427)  What  head  of  water  corresponds  {(i)  to  a  pressure 

45  pounds  per  square  inch  ?  (d)  to  80  pounds  per  square 

ch  ?  (c)  to  108  pounds  per  square  inch  ? 

(  {a)  103.68  ft. 

Ans.  -j  (b)  198.144  ft. 

(   (r)  248.832  ft. 

(1428)  The  diameter  of  the  water-cylinder  of  a  direct- 
ting  pump  is  15  inches,  and  the  height  of  lift  is  310  feet; 
)  what  is  the  diameter  of  the  steam-cylinder  ?  (/;)  What 
ill  be  the  delivery  at  a  piston  speed  of  100  feet  i)er  minute  ? 
ake  the  steam-pressure  as  50  pounds  per  square  inch. 

Ans.  i  ('')  "^  ^"• 

'  (b)  734.4  gal.  per  min. 

(1429)  With  what  velocity,  tlieoretically,  will  water  flow 
5m  an  orifice  l3.7  feet  Ix^low  the  surface  ? 

Ans.  29.685  ft.  per  sec. 

24—30 
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(U30)  In  Fig.  7'.iS  the  weight  on  piston  a  is  22  pounds; 
the  area  of  it  is  5  square  inches,  and  the  area  of  />  Is  73  square 
inches;  what  must  be  the  weight  on  d  to  just  balance  the 
weight  on  a  ?  Ans.  321.2  lb. 

(1431)  Why  can  water  be  sucked  up  through  a  straw  ? 

(1432)  The  diameter  of  the  water-cylinder  of  a  single 
direct-acting  pump  is  11  inches.  The  steam-pressure  Is  50 
pounds  per  square  inch,  and  the  height  of  the  lift  is  300  feet; 
(rt)  lind  the  discharge  per  hour,  (if)  Find  the  diameter  o( 
the  steam-piston,  (r)  What  is  the  horsepower  of  the 
pump  f     Assume  Uie  piston  speed  as  loi)  feet  per  minute. 

(  (rt)  23,696.64  gal.  per  hr. 
Ans.  j  (*)  IH  in- 

(  (/)  45.024  H.  P. 

(1433)  If  a  piece  of  glass  be  laid  upon  a  flat  surface  which 
has  been  moistened,  it  will  require  considerable  exertion  to 
separate  them.     Why  ? 

(1434)  The  total  length  of  a  siphon  is  88  feet;  the  head 
is  15  feet,  and  the  diameter  3^  inches;  what  is  the  discharge 
in  gallons  per  minute  ?  Ans,  342.G6  gal.  per  min. 

(1435)  What  should  be  the  size  and  proportions  of  a 
direct-acting  steam-pump  to  deliver  18,000  gallons  per  hour 
against  a  head  of  225  feet  ?  Assume  the  average  steam- 
pressure  to  be  50  pounds  per  square  inch.  Add  one-half  to 
the  indicated  horsepower  for  friction,  etc.,  and  take  the 
piston  speed  as  110  feet  per  minute. 

I  Diameter  of  steam-cylinder,  14  in. 
Diameter  of  water -cylinder,  9|  in. 
Stroke,  12  in. 
Diameter  of  suction-pipe,  6  in. 
Diameter  of  discharge -pipe,  4^  in. 

(1436)  The  area  of  the  cross-section  of  an  orifice  in  a 
thin  plate  is  11.3  square  inches.  There  being  a  constant 
head  of  15  feet  9  inches,  {a)  what  is  the  theoretical  discharge 
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in  cubic  feet  per  minute  ?     (d)  What  is  the  actual  discharge 
in  cubic  feet  per  minute  ? 

Ans   i  ^^^  148.54  cu.  ft.  per  min. 
'  (  (i)  91.344  cu.  ft.  per  min. 

(1437)  Why  must  a  siphon  be  filled  with  water,  or  have 
the  air  exhausted  from  it,  before  it  will  work  ? 

(1438)  The  diameter  of  the  plunger  of  a  pump  is  19 
inches ;  the  length  of  the  stroke  is  9  feet,  and  the  number 
of  strokes  per  minute  5;  (a)  what  is  the  discharge  in  gal- 
lons per  minute  ?  {d)  per  hour  ?  Calculate  the  discharge  by 
formula  191.  a        j  (a)  530.24  gal.  per  min. 

^^'  (  (*)  31,814.4  gal.  perhr. 

(1439)  A  pumping-engine  lifts  80,000  gallons  per  hour 
340  feet,  with  a  coal  consumption  of  400  pounds ;  what  is  the 
duty  ?  Ans.  56,814,000  ft. -lb. 

(1440)  Find  the  heads  of  water  corresponding  to  the  fol- 
lowing pressures:  (a)  80  pounds  per  square  inch;  (d)  30.5 
pounds  per  square  inch;  (c)  108  pounds  per  square  inch; 

(a)  184.32  ft. 

(b)  70.272  ft. 


{d)   216  pounds  per  square  inch. 

Ans. 


(c)  248.832  ft. 

(d)  495.36  ft. 


(1441)  The  piston  speed  of  a  duplex  steam-pump  is  100 
feet  per  minute;  the  diameter  of  the  plunger  is  14  inches; 
what  is  the  delivery  in  gallons  per  hour  ? 

Ans.   76,769.28  gal.  per  hr. 

(1442)  A  4-inch  pipe  5,000  feet  long  is  required  to 
deliver  water  with  a  velocity  of  8  feet  per  second ;  what 
must  be  the  head  ?  Ans.   307.46  ft. 

(1443)  A  cylindrical  vessel,  3  feet  in  diameter  and  12  feet 
long,  is  placed  upon  one  end,  so  that  its  axis  is  vertical. 
Suppose  that  it  is  kept  filled  with  water  which  flows  through 
a  hole  in  the  bottom ;  what  will  be  the  velocity  of  efflux  if 
the  hole  is  11  inches  scjuare  ?  Aiis.   27.070  ft.  per  sec. 

(1444)  A  compound  condensing  pumping-engine  delivers 
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4,l)tH).lJ(lO  gallons  o(  water  in  10  hours,  against  a  head  of  IB 
feet.  The  number  of  pounds  of  coal  burned  in  10  hourBii 
T,im;  what  is  the  duty  ?  Ans.   55,098,6(i0  ft-lb. 

(1445)  A  Cornish  puraping-engine  has  a  stroke  of  10 
fuet.  Thu  pit-worl:  weighs  20  tons,  the  water-column  U 
tons,  and  the  frictional  resistances  are  3  tons;  what  must 
be  the  weight  of  the  counterbalance  in  order  that  the  great- 
est speed  of  the  pit-work  may  be  about  200  feet  per  minute  ? 

Ans.  a.Clon!. 

(1446)  How  is  the  expansion  of  steam  obtained  in  acoa* 
pound  pumping-enginc  ? 

(1447)  State  some  of  the  advantages  of  using  an  electric 
sinking-pump. 

(1448)  What  should  be  the  diameters  of  (a)  the  suction 
and  (A)  delivery  pipes  of  a  pump  which  discharges  70,000 
gallons  of  -water  per  hour  ?  ,  (  (a)  IS  in. 

■  I  (i6)  Si  in. 

(144ii)     What   must   be   the   horsepower  of   a   pump  to 

deliver  100,000  gallons  of  water  per  hour  against  a  head  of 

480  feet  ?  '  Ans.   304  H.  P. 

(1450)  How  many  gallons  per  hour  will  a  7-inch  pipe 
deliver,  if  the  mean  velocity  of  the  water  at  the  point  of 
efflux  is  7.21  feet  per  second  ?       Ans.  51,891.24  gal.  per  hr. 

(1451)  What  special  advantages  does  the  Cameron  sink- 
ing-pump possess  over  other  steam  sinking-pumps  ? 

(1452)  In  what  cases  can  a  hydraulic  pump  be  used  to  a 
great  advantage  ? 

(1453)  State  what  is  meant  by  a  Cornish  pumping -engine; 
a  Bull  engine;  a  sinking-pump;  a  hydraulic  engine;  a 
siphon. 

(1454)  What  is  the  usual  practice  in  regard  to  the  veloc- 
ity of  the  water  in  the  suction-pipe?  in  the  delivery -pipe  ? 
What  is  the  usual  limit  of  piston  speed  in  pumps  ? 

(1455)  How  many  gallons  of  water  will  a  pump  deliver 
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er  hour,  if  the  diameter  of  the  pump-cylinder  is  15  inches 
id  the  piston  speed  is  95  feet  per  minute  ? 

Ans.  41,800.8  gal.  per  hr. 

(1456)  State  what  is  meant  by  a  compound,  a  duplex,  a 
ngle  compound,  an  outside  packed  triplex,  and  an  outside 
icked  compound  condensing  duplex  pump. 

(1457)  A  jet  of  water  issues  from  an  orifice  under  a  head 
69.12  feet;  what  is  the  actual  velocity  in  feet  per  second  ? 

Ans.  65.34  ft.  per  sec. 

(1458)  A  squirt-gun  has  a  hole  in  it  ^^  of  an  inch  in 
ameter.  It  is  held  vertically  upwards,  and  a  pressure  of 
)  pounds  is  applied  to  the  piston,  which  is  ^  of  an  inch  in 
ameter.  Neglecting  all  resistances,  (a)  how  high  will  the 
ater  rise  ?  (d)  If  held  horizontally  10  feet  from  the  ground, 
hat  will  be  its  range  ?  i.        (  (a)  191.0  ft. 

'  I  {b)  87.54  ft. 


MINE    HAULAGE. 


EXAMINATION  QUESTIONS. 

(1459)  How  Aiany  stages  of  underground  haulage   arc 
there,  and  which  should  be  the  shorter  ? 

(1460)  How  many  classes  of  wire-rope  haulage  are  there  ? 
Name  them. 

(1461)  Is  it  always  economy  to  use  a  self-acting  plane  for 
haulage  ?     Give  reasons. 

(1462)  In  what  does  the  mechanism  used  on  self-acting 
planes  with  heavy  pitches  differ  from  that  used  on  self-acting 
planes  with  light  pitches  ? 

(1463)  Which  is  preferable  on  a  self-acting  plane  with  a 
light  pitch,  a  two-rope  system  or  an  endless-rope  system  ? 

(1464)  What  is  essential  when  the  length  of  a  gravity- 
plane  of  light  pitch  run  with  a  pair  of  ropes  is  increased  ? 

(1465)  Under  what  conditions  are  gravity-planes  of  great 
value  in  mine  haulage  ? 

(1466)  Describe  that  type  of  self-acting  incline  known  as 
a  jig. 

(1467)  On  an  ordinary  self-acting  incline  run  by  two 
ropes,  why  must  one  rope  run  off  the  bottom  of  the  drum 
while  the  other  runs  off  the  top  ? 

(1468)  At  what  point  on  a  self-acting  plane  run  by  two 
ropes  do  the  trains  begin  to  acquire  a  higher  velocity,  and 
why? 

(1469)  What  mechanisms  are  sometimes  used  to  replace 
a  drum  on  a  self-acting  incline  ? 

(1470)  Under  what  conditions  is  it  necessary  to  make  the 
opening  for  the  self-acting  plane  as  narrow  as  possible  ? 
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(1471)  Why  is  timberingon  :i  sclf-iicting  incline  a  wmrcB 
of  danger  and  expense  ? 

(H(3)  What  provision  should  be  made  on  a  self-acting 
incline  to  prevent  a  train  from  riinningaway.  in  case  lb* 
rope  shoidd  break  f 

(1473)  What  advantage  has  a  grip-wheel  over  a  douhfc- 
rope  reel  ? 

(1474)  How  does  a  grip-wheel  hold  the  rope? 

(1475)  What  arc  the  advantages  of  geared  drtims? 
(147IJ)     What  are  deflecting  sheaves,  and  what  arc  Iheif 

uses  ? 

(1477)  What  arc  the  disadvantages  of  a  fleet-wheel  ? 

(1478)  On  a  drum  of  given  sisce,  one  rope  has  two  turas 
around  the  drum  and  another  has  four  turns;  how  much 
more  hold  or  grip  has  the  latter  than  the  former  ? 

(1479)  If  two  wheels  are  connected  by  rope  belts,  and 
there  are  two  half  coils  on  each  wheel,  how  many  coils  would 
that  be  equal  to  if  but  one  wheel  were  used  ? 

(1480)  In  case  you  had  a  self-acting  incline  of  uniform 
grade  that  did  not  work,  by  what  means  could  that  plane 
be  made  self-acting;  that  is,  how  and  where  would  you 
change  the  grade  to  make  it  self-acting  ? 

(1481)  What  is  the  cause  that  retards  the  extension  and 
rapid  action  of  self-acting  inclines  at  small  pitches  ? 

(I4S2)  How  many  varieties  of  brakes  for  self-acting 
drums  are  there  ?     Describe  each. 

(1483)  What  three  important  points  regarding  inclina- 
tion must  he  considered  in  the  operation  of  gravity-planes? 

(1484)  What  is  the  operative  force  of  self -acting  inclines! 

(1485)  If  a  body  weighing  500  pounds  moves  down  an 
incline  through  a  distance  of  200  feet,  and  falls  a  vertical 
height  of  20  feet,  what  weight  rising  vertically  will  balance 
the  body  moving  down  the  incline  ? 

(1486)  How  is  the  pull  affected  when  the  rope  is  not 
parallel  to  the  incline  ? 
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(1487)  What  two  considerations  are  most  prominent  in 
the  operation  of  gravity-planes  ? 

(1488)  If  a  rope  1,800  feet  long  weighs  3,500  pounds, 
and  the  incline  of  the  plane  on  which  it  is  used  is  equal  to  a 
grade  of  12  per  cent.,  what  force  is  required  to  move  the 
rope  ?  Ans.  507.5  lb. 

(1489)  How  do  you  find  the  friction  due  to  an  empty  car 
descending  a  gravity-plane,  and  a  loaded  car  ascending  ? 

(1400)  A  gravity-plane  has  a  grade  of  10  per  cent.  It  is 
2,500  feet  in  length,  and  the  rope. attached  to  the  empty 
cars  at  the  foot  of  the  incline  weighs  4,200  pounds.  A 
loaded  car  weighs  4,000  pounds,  and  an  empty  one  1,800 
pounds.  What  is  the  number  of  cars  that  must  be  run  in  a 
train  to  overcome  the  resistance  of  the  rope  at  the  start  of 
the  run  ?  Ans.  7  cars. 

(1491)  On  what  kind  of  inclines  can  the  jig  system  be 
successfully  used  ? 

(1492)  Prove  that  the  jig  system  can  not  be  used  on  an 
incline  with  25  per  cent,  grade,  length  of  road  250  feet, 
weight  of  rope  perfoot  of  length  1.5  pounds,  weightof  a  full 
car  4,000  pounds,  weightof  an  empty  car  1,800  pounds,  and 
the  weight  of  the  jig  2,900  pounds. 

(1493)  How  can  the  grade  be  changed  in  the  jig  incline 
mentioned  in  Question  1492  so  as  to  make  it  operate  ? 

(1494)  What  is  the  best  plan  to  determine  the  size  of  the 
rope  for  use  on  a  self-acting  incline  ? 

(1495)  What  is  the  tension  in  a  rope  when  the  loaded 
cars  leave  the  top  of  the  incline  under  the  following  con- 
ditions: A  loaded  car  weighs  4,000  pounds  and  an  empty 
car  1,800  pounds.  There  are  two  cars  in  a  train,  and  the 
grade  is  one  of  25  per  cent. ;  the  length  of  the  incline  is 
1,500  feet,  and  the  weight  of  the  rope  per  foot  of  length  is 
.8  pound?  Ans.  1,320  lb. 

(1496)  What  track  arrangements  should  there  be  at  the 
head  of  gravity-planes  on  which  the  descending  loaded  cars 
raise  the  empty  ones  ? 
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(1497)  What  precautions  should  be  taken  to  prevent  can 
from  descending  the  plane  before  they  are  properly  attached 
to  the  rope  ? 

(1498)  What  is  a  safety-lock,  and  for  what  is  it  used? 

(1499)  Under  what  conditions  are  engine-planes  adopted 
for  haulage  ? 

{15()0)  What  are  the  three  general  classes  of  engine- 
planes  ? 

(1501)  In  what  cases  are  engine-planes  superior  to  other 
systems  of  haulage  ? 

(1602)  Where,  besides  at  the  head  of  the  engine-plane, 
are  the  haulage-engines  sometimes  located  ? 

(1608)    What  is  a  hamtyt 

(IfiM)  .How  are  sheaves  set  to  carry  the  rope  arotmda 
curve? 

(1006)    What  is  a  dra^-bar,  and  what  is  its  use  ? 

(1606)  Under  what  cooditiODS  is  the  length  of  an  engine- 
plane  haulage  such  as  to  malce  It  uneoimcnmcal  ? 

(1507)  What  is  the  maximum  number  of  cars  that  should 
be  run  in  a  train,  and  what  is  the  minimum  grade  for  an 
engine-plane  to  attain  an  average  speed  of  10  miles  per 
hour,  when  empty  cars  are  running  back  ? 

(1508)  If  on  an  engine-plane  18  loaded  cars  weighing 
4,000  pounds  each  are  hoisted  with  a  haulage-rope  5,000 
feet  long,  and  weighing  .88  pound  per  foot,  what  is  the  ten- 
sion in  the  rope  at  the  moment  the  engine  hauls  away  from 
the  bottom  of  the  incline,  the  grade  being  5  per  cent.? 

Ans.   5,7301b. 

(1509)  If  the  train  in  Question  1508  has  a  velocity  of  10 
miles  per  hour,  what  is  the  horsepower  required  to  do  the 
work  ?  Ans.   J52.8  H.  P. 

(1510)  Why,  in  calculating  tension  on  the  rope,  or  the 
horsepower  required,  should  the  full  weight  of  the  rope  be 
taken,  instead  of  the  average  weight  ? 

(1511)  Which  is  more  economical:  to  increase  the  speed 
of  the  haulage  so  as  to  make  double  the  number  of  trips 
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with  half  the  number  of  cars  and  with  a  lighter  rope,  or  to 
run  at  half  the  speed  with  double  the  load  and  a  heavy 
rope  ? 

(1512)  In  case  the  hoisting-shaft  is  situated  in  a  shallow  > 
basin  of  such  character  that  the  loaded  trains  will  run  by 
gravity  to  the  shaft,  and  with  sufficient  fall  to  haul  the 
empty  trains  into  the  different  stations  in  the  workings, 
how  can  engine-plane  haulage  be  modified  so  as  to  form  a 
cheap  and  efficient  system  of  haulage  ? 

(1513)  What  horsepower  is  required  to  haul  25  empty 
cars  along  an  incline  3,000  feet  long,  on  a  grade  of  5  per 
cent.,  each  empty  car  weighing  1,500  pounds,  the  weight  of 
the  rope  per  foot  of  length  being  .88  pound,  and  the  maxi- 
mum velocity  of  the  train  being  12  miles  per  hour  ? 

Ans.  94.2  H.  P. 

(1514)  On  what  classes  of  roads  can  the  tail-rope  system 
of  haulage  be  adopted  with  success  ? 

(1515)  In  what  general  feature  does  the  tail-rope  system 
of  haulage  differ  from  other  systems  ? 

(1516)  Which  is  called  the  main  rope  and  which  the  tail- 
rope  in  the  tail-rope  system  of  haulage  ? 

(1517)  What  are  the  general  features  of  tail-rope  haulage? 

(1518)  In  running  a  tail-rope  haulage  system,  what  are 
the  duties  of  the  engineer  to  insure  the  successful  operation 
of  the  system  ? 

(1519)  •  Under  what  conditions  are  geared  engines  more 
economical  for  tail-rope  haulage  than  direct-motion  engines, 
and  under  what  conditions  is  the  direct-motion  engine 
preferable  ? 

(1520)  How  can  a  tail-rope  haulage  be  made  to  haul 
from  two  or  more  different  districts  in  the  mine  ? 

(1521)  Are  the  main  and  tail  ropes  of  a  tail-rope  haulage 
ilways  of  the  same  weight  per  linear  foot  ?  If  not,  why 
not  ? 

(1522)  The  greatest  length  of  main  and  tail  rope  haul- 
ige   in   a   certain    mine    is    7,000  feet,   and  the  tracks  are 
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perfectly  lerel;  the  weight  per  foot  of  the  main  rope  is  .7 
pound,  the  weight  per  foot  of  the  tail-rope  is  .6  poaffid,  the 
full  cars  weigh  4,600  pounds,  the  empty  can  1,600  pounds, 
and  the  trains  consist  6i  30  cars.  (0)  What  ia  the  tension 
on  the  main  and  tail  ropes  ?  '  (^)  If  the  avenge  speed  ctf 
trains  is  10  miles  per  hour,  what  is  the  horsepoirer  of  the 
hauling  engines  due  to  the  maximum  tension  in  the  ropes  ? 
Ana.  (*)  6«.l  H.  P. 

(1525)  In  a  short  portion  of  a  mine  with  tail-Tope  hanl- 
age,  the  main  rope  must  haul  a  train  of  SO  loaded  cars  np  a 
grade  of  3  per  cent. ;  what  is  the  maximum  tension  in  the 
main  rope  when  a  full  car  weighs  4,600  pounds,  the  main 
rope  weighs  1.3  pounds  per  foot,  the  tail-rope  .88  pound  per 
foot,  and  the  length  of  the  tract  is  6,000  feet  7 

Ans.  6,»6Slb. 

{169i)  If  in  a  level  hanlage  6,000  feet  long  there  is  a 
slight  up  grade  60  feet  in  lei^h,  and  the  power  reqntred.for 
the  level  road  is  90  horsepower,  what  is  the  increased  power 
exerted  in  hauling  the  load  up  the  short  grade  ? 

Ans.   90.9  H.  P. 

(1535)  All  the  roads  of  a  tail-rope  haulage  leadingtothe 
shaft  have  a  mean  fall  of  4  per  cent.  The  greatest  length 
of  run  is  4,000  feet,  the  mean  velocity  is  11  miles  per  hour, 
the  haulage-rope  weighs. 88  pound  per  foot,  the  trains  con- 
sist of  30  cars,  each  loaded  car  weighing  5,000  pounds,  and 
each  empty  car  2,000  pounds,  (a)  What  are  the  tensions 
in  the  main  and  [d]  the  tail  rope,  respectively  ?  (c)  What  is 
the  horsepower  of  the  haulage-engine  ? 

/  (a)  -1,324  lb. 
Ans.  ]    (*)       2,776  lb. 

(    14      81.4  H.  p. 

(1526)  If  in  Question  1526  the  main  rope  and  tail-rope 
weigh  .6  pound  and  3.0.5  pounds  per  foot,  respectively,  (a) 
what  will  bo  the  tension  in  each  rope,  and  {ii)  what  will  be 
the  required  horsepower  of  the  haulage-engine  ? 

Ans.  (*)74.4H.  P. 
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(1527)  What  should  be  the  maximum  velocity  of  trains 
in  main  and  tail  rope  haulage,  and  why  ? 

(1528)  What  factors  must  be  determined  before  assuming 
the  number  of  cars  that  should  be  attached  in  a  train  in  tail- 
rope  haulage  ? 

(1529)  How  are  these  factors  found  ? 

(1530)  How  many  trains  can  be  run  out  by  a  main  and 
tail  rope  haulage  in  one  day  of  10  hours,  the  speed  of  the 
rope- being  12  miles  per  hour,  and  the  length  of  the  five  dis- 
tricts being  as  follows:  a,  G,000  feet;  d,  4,800  feet;  r,  2,500 
feet;  d,  7,000  feet;  e,  3,000  feet  ? 

(1531)  If  the  output  of  a  mine  is  2,500  tons  of  coal  per 
day,  and  the  number  of  trains  to  haul  out  this  quantity  is 
46,  and  if  each  car  carries  2.5  tons,  how  many  cars  must  be 
used  to  do  the  work  ?  Ans.  22  cars. 

(1532)  Find  {a)  the  number  of  trains  that  can  be  run  out 
per  day,  (d)  the  number  of  cars  in  a  train,  and  (c)  the  horse- 
power of  the  engine  of  a  main  and  tail  rope  haulage,  for  an 
output  of  2,500  tons  in  10  hours.  The  coal  has  to  be  hauled 
out  of  4  districts,  a^  b,  r,  and  d,  whose  lengths  are,  respect- 
ively, 4,250  ft.,  3,012ft.,  750  ft.,  and  514  ft.  The  average 
up  grade  of  the  roads  is  3  per  cent,  towards  the  shaft.  The 
cars  carry  2.5  tons  each,  an  empty  car  weighs  2,000  pounds, 
the  weight  of  the  rope  is  1.5  lb.  per  foot,  and  the  speed  of 
the  trains  is  11  miles  an  hour.  Allow  J  of  the  time  for 
delays  in  haulage. 

Ans.  {a)  91  trains,     {b)  11  cars,     {c)  133.6  H.  P.,  nearly. 

(1533)  What  three  most  important  points  must  be  kept 
in  view  in  the  construction  of  tail-rope  couplings  ? 

(1534)  What  are  the  uses  of  the  couplings  of  the  tail-rope 
for  a  main  and  tail  rope  haulage  ? 

(1535)  Describe  in  your  own  words  what  you  consider 
the  best  kind  of  main  socket  for  main  and  tail  ropes. 

(153G)  Describe  a  slip  or  detaching-hook  for  disconnecting 
a  haulage-rope  with  a  train  of  cars. 
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(1537)  Why  is  it  sometimes  better  to  locate  the  engine 
and  drum  for  underground  haulage  at  the  surface  than  to 
fix  them  in  the  mine  ? 

(1538)  Describe  the  modes  of  conducting  the  haulage - 
ropes  from  the  surface  to  the  underground  workings  of  a 
mine. 

(1539)  Which  are  better,  double  or  single  tracks  for  main 
and  tail  rope  haulage  in  the  underground  workings  of  a  mine  ? 

(1540)  Describe  the  principles  of  action  of  the  endless- 
rope  system  of  haulage. 

(1541)  Explain  the  arrangement  of  the  rope  band  in 
reference  to  three  of  its  most  important  features  in  endless- 
rope  haulage. 

(1542)  How  are  the  ropes  kept  tight  in  an  endless-rope 
haulage  ? 

(1543)  Explain  an  endless-rope  haulage  with  a  single 
band. 

(1544)  Explain  how  a  single  endless-rope  band  may  be 
made  to  do  the  haulage  out  of  several  branching  districts,  and 
include  in  your  description  the  great  defects  in  such  an 
arrangement. 

(1545)  Explain  how  an  endless-rope  haulage  is  done  vith 
main  bands  and  branching  bands. 

(1541!)  Show  the  advantage  of  gravity-planes  worked  with 
an  endless  rope  over  those  of  the  other  systems  of  double  ropes. 

(1547)  Show  why  haulage  with  an  endless-rope  system  is 
cheaper  for  undulating  roads  than  by  main  and  tail  rope  and 
other  systems  of  haulage. 

(1548)  Show  the  advantage  of  workingeach  of  the  deflect- 
ing bands  of  an  endless-rope  haulage  with  motors  that  are 
actuated  by  transmitted  energy. 

(1540)  Show  how  a  gasoline-engine  might  be  applied  for 
bands  of  district  haulages. 

(lo.'jO)  Show  that  in  large  mines,  where  the  coal  has  to  be 
hauled  out  of  many  districts,  it  canbebetterand  more  cheaply 
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done  in  many  cases  by  the  endless-rope  system  than  by  any 
other  known  system  of  haulage. 

(1551)  Show  that  locomotive  haulage  is  better  in  small 
mines  than  large  ones,  and  especially  where  the  roads  are 
comparatively  level. 

(1552)  Show  in  what  important  respect  the  fixing  of  a 
tail -sheave  for  a  tail-rope  differs  from  the  tail-sheave  for  an 
endless-rope  haulage. 

(1553)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
19  wires  to  the  strand  ? 

(1554)  What  should  be  the  smallest  diameter  of  a  sheave 
to  prevent  damage  from  the  bending  of  a  steel  rope  having 
7  wires  to  the  strand  ? 

(1555)  Explain  two  good  tension  arrangements  for  keep- 
ing an  endless  rope  tight. 

(1556)  Explain  two  methods  of  attaching  and  detaching 
the  cars  of  an  endless-rope  band. 

(1557)  The  output  of  a  certain  mine  is  2,500  tons  per 
day,  and  the  length  of  the  road  along  which  the  main  haul- 
age-band runs  the  cars  is  5,230  feet.  A  car  carries  1^  long 
tons  of  coal.  The  velocity  of  the  rope  is  2  miles  an  hour, 
and  the  time  for  one  day's  running  is  10  hours.  As  the 
rope  is  sometimes  stopped  to  wait  for  work,  the  average  run- 
ning time  is  only  8  hours,  (a)  How  many  loaded  cars  are 
there  qti  the  haulage-band  at  one  time  ?  (d)  What  are  their 
distances  apart  ?  A       i  ^^)  ^^'^  cars. 

"^'  "I  (6)   50.  G8  ft. 

(1558)  The  output  in  tons,  the  velocity  of  the  rope,  and 
the  weight  of  coal  a  car  carries  are  unaltered.  If  the 
length  of  the  haulage-road  is  made  one-half  of  the  original 
length,  how  will  the  distances  apart  of  the  cars  be  affected  ? 

(1559)  How  much  can  I  reduce  the  weight  of  a  rope  by 
doubling  its  velocity,  and  haul  out  the  same  weight  of  coal 
per  day  as  was  hauled  before  with  a  heavy  rope  running  at 
a  lower  velocity  ? 
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(1500)     Which  is  the  best  speed  :it  which  to  run  an  endle*" 
rope  haulage,  two  or  four  miles  an  hour? 

(16'U)  How  are  the  ropes  attached  to  the  cars  in  an  end- 
less-rope  haulage  ? 

(15(i2)  The  track  for  a  single  band  in  an  endless-rope 
haulage  is  4,720  feet  in  length,  and  this  rope  hauls  out  S""* 
long  tons  of  coal  in  10  hours.  The  cars  carry  1^^  long  tons  of 
coal,  and  an  empty  car  weighs  1,200  pounds.  The  velocity 
of  the  rope  is  3J  miles  an  hour,  and  the  weight  of  the  rope 
is  3  pounds  per  foot  of  length.  What  is  (a)  the  tension  in 
the  rope,  and  (A)  the  horsepower  of  the  hauling  engine,  sup- 
posing the  mean  grade  of  the  road  to  be  a  true  level  ? 

j  («)  4337.47  lb. 
(  (*)  26.92  H.  P. 

(11563)  The  track  for  a  single  band  on  an  endle&s-rope 
haulage  is  4,730  feet  in  length,  and  the  rope  band  hauls  out 
976  long  tons  of  coal  in  10  hours.  The  cars  carry  l^  long 
tons  of  coal,  and  an  empty  car  weighs  1,200  ptiunds.  The 
velocity  nf  the  rope  is  3^  miles  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot  of  length,  and  the  road  has  a  mean 
up  grade  to  the  shaft  of  S^  per  cent.  What  is  {a)  the  tension 
in  the  rope,  and  (i)  the  horsepower  of  the  hauling  engine? 
.  (  {a)  6291.8  lb. 
^"^iy  41-9H.P. 

(1564)  The  track  for  a  single  band  on  an  endless-rope 
haulage  is  4,720  feet  in  length,  and  the  rope  band  hauls  out 
976  long  tons  of  coal  in  10  hours.  The  cars  carry  1^  long 
tons  of  coal,  and  an  empty  car  weighs  1,200  pounds.  The 
velocity  of  the  rope  is  2^  miles  an  hour,  the  weight  of  the 
rope  is  3  pounds  per  foot,  and  the  road  has  a  mean  down 
grade  to  the  shaft  of  2^^  per  cent.  What  is  (a)  the  tension 
in  the  rope,  and  (6)  the  horsepower  of  the  hauling  engine  ? 
An.;  ii")  2,383.141b. 
■^"^-  Hi)    15.89  H.  P.    . 

(1665)  What  is  the  number  of  strands  in  a  wire  rope  for 
mine  haulage,  and  between  what  numbers  do  the  wires  in  a 
strand  vary  ? 
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(1566)  Explain  the  difference  between  a  twisted  and  a 
locked  wire  rope. 

(1567)  Show  in  what  way  the  durability  of  a  wire  rope  is 
affected  by  bending  around  and  over  sheaves. 

(1568)  Explain,  without  going  much  into  detail,  the  gen- 
eral principles  that  govern  the  splicing  of  a  rope. 

(1569)  Explain  how  a  roadbed  should  be  made  for  under- 
ground haulage. 

(1570)  Briefly  explain  three  different  kinds  of  rollers 
used  for  supporting  the  haulage-rope. 

(1571)  Briefly  explain  the  mode  of  attachment  and  the 
mode  of  action  of  .the  two  classes  of  engines  used  for  under- 
ground haulage  in  mines. 

(1572)  As  drums  can  not  be  used  for  endless-rope  haulage, 
explain  the  construction  and  mode  of  action  of  grip-wheels 
used  for  that  purpose. 

(1573)  Name  the  four  types  of  locomotives  that  are  in 
use  for  underground  haulage  in  mines. 

(1574)  If  a  steam  locomotive  is  used  for  underground 
haulage  in  a  mine,  on  what  roads  should  it  run,  and  what 
should  be  the  condition  of  the  air  in  the  passage  in  which  the 
engine  runs  ? 

(1575)  What  particular  plant  is  required  for  a  compressed- 
air  locomotive  haulage  ? 

(1576)  What  should  be  done  in  the  pumping  of  com- 
pressed air  to  prevent  waste  of  energy  ? 

(1577)  What  difference  should  there  be  between  the 
pressure  of  the  air  in  a  locomotive-tank  and  that  of  the 
pipe-line  ? 

(1578)  What  special  construction  is  provided  for  the 
night  and  day  work  of  air-compressors  ? 

(1579)  How  does  temperature  affect  the  pressure  of  the 
compressed  air  in  the  pipe-lines  provided  for  locomotive 
haulage  in  mines  ? 
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(1580)  What  is  the  advantage  of  a  compressed- 
motive  over  that  of  a  steam-power  locomotive  for  under- 
ground haulage  in  mines  ? 

(1581)  What  difficulty  would  occur  in  using  gasoline 
locomotive-engines  for  underground  haulage  in  mines? 

(1582)  Show  in  whut  important  respect  the  grades  are 
different  for  locomotive  and  for  rope  haulage  in  mines. 

(1583)  What  rails  require  elevating  on  curves  for  loco- 
motive and  for  rope  haulage  ? 

(1584)  What  important  feature  is  it  necessary  for  the 
mining  engineer  or  mine  manager  to  understand  in  tli« 
construction  of  self-acting  inclines  ? 


A  KEY 

TO    ALL    THE 

QUESTIONS    AND    EXAMPLES 

CONTAINED    IN    THE 

EXAMINATION   QUESTIONS 

Included  in  this  Volume. 


The  Keys  that  follow  have  been  divided  into  sections  cor- 
responding to  the  Examination  Questions  to  which  they 
ref.tr,  and  have  been  given  corresponding  section  numbers. 
The  answers  and  solutions  have  been  numbered  to  corre- 
spond with  the  questions.  When  the  answer  to  a  question 
involves  a  repetition  of  statements  given  in  the  Instruction 
Paper,  the  reader  has  been  referred  to  a  numbered  article, 
the  reading  of  whirh  will  enable  him  to  answer  the  question 
himself. 

To  be  of  the  greatest  benefit,  the  Keys  should  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
as  a  pupil  would  go  to  a  teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a  source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  Course. 


MECHANICS. 

(RARX  1.) 


(1)  See  Arts.  1800  and  1801. 

(2)  (a)  Applying  formula  102, 

/?=-|-^-~=  23.87  in.    Ans. 
o.  1416 

(d)  See  Art.  1872,  Addendum  =  .3  of  the  pitch.  1.5  in. 
><  .3=  .45  in.  .45  in.  X  2=  .1^  in.  =  difference  between 
the  diameter  of  the  pitch  circle  and  the  outside  diameter. 
lience,  outside  diameter  =  23.87  +  .9  =  24.77  in.     Ans 

(3)  Apply  formula  1 1 0. 
Pitch  =  j^y  in. ;  therefore, 

„,      6.2832  X  24  X  11        ,,  ^,..,  ,,,  ,,        . 
Iv  = =  21,503.94  lb.     Ans. 

(4)  The  pull  on  the  support  equals  the  centrifugal  force 
of  the  ball.     Hence,  applying  formula  112, 

F=  .00034  X  5  X  51  X  350'  =  5555  1^-     ^^^s. 

(5)  Apply  formula  113. 

K=-^-^y^  =  11,194  ft. -lb.     Ans. 
04.  o2 

84 

(6)  7  ft.  =  84  in.     Arc  of  contact  = rfTTTT^  X  3^^^° 

ho  X   »3. 1 4 1 1) 

=  153^   800  +  3(180-153)  =  881.    Applying  formula  1  1  5, 

„.      8SIX150       ..... 
M  =  -  .,  ,  ,■         =  44.0.')  m. 
3,000 

§  in 
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Using  formula  117, 

fK,  =  44.08  X  f  =  29.37  in.,  or  say  •iv.5  in.     Ans. 

(7)  See  Ans.  1802  to  1823. 

(8)  See  Art.  1840. 

(9)  See  Arts.    I860  and  1 86 1. 

(10)  13  ft.  =  156  in.     Applyinif  formula  99, 
,,      91  X  108 


151 


-  =  63  rev.  per  r 


(11)  Sec  Art.  1899. 

(12)  Arc  of  contact  = 


+  S  {IM  -  HI)  =  saw. 


(r= 


899  X  2.5 


14  X  3.1416 
Applying  formula 


=  1.12  in.,  say  1  i: 


he  speed  of  the  engine. 

Am. 


0"  =  147°. 
15, 
Ans. 


2,000 

(13)  (<()  See  Arts.  ISlOantl  1835. 
(*)  and  (<r)  See  Art.  1809. 

(14)  IS  X  3.141fi  =  12.5664ft.  =  circumference  of  pulley. 


'  338.73 


X  60  =  25.13  sec., 


12.5(564  ~ 

make  100  revolutions  v 

nearly.     Ans. 

(15)  4  ft.  6  in.  =  54  in.  54  X  3  X  i  X  .261  =  21.141  lb- 
=  weight  of  lever.  Considering  the  weight  of  the  les'er 
to  be  concentrated  at  its  center  of  gravity,  we  have  three 
weights  of  47,  21.141,  and  71  lb.,  with  the  smaller  weight 
y  =  27  in.  from  the  other  two.  To  find  the  center  of 
gravity   of    the   two    large    weights,    apply    formula   93- 


47_X_54^ 
"  71  +  47  " 


:  the  distance  ^c 


I  Fig.  I.     Con. 


sider  both  weights  to  be  concentrated  at  It;  that  is,  imagine 
both   weights  removed  and  to  be  replaced  by  the  dotted 
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weight  W,  equal  to  71  +  47  =  118  lb.     The  dotted  circle  w 
represents  the  weight  of   the  bar.     The  distance  ae  =  27 


ti 


i*/ 

/ 

1 
\ 

W      ) 

\ 

\ 

J 

9 


— Tf— 


FlO.  I. 


—  21.508  =  5.492  in.     Distance  of  balancing  point /"from  e 

IS  found   by  means   ot    formula  93  to   be    ^^^,  . — ^^  ^    ■ 
^  118  +  21.141 

=  .835  in.     Finally, ///  = 

21.508  +  .835  =  22.343  in.  =  short  arm.     Ans. 
54  -  22.343  =  31.657  in.  =  long  arm.       Ans. 


(16) 


51 


See  Art.  1 899.      -tt-:  = .  810,  the  specific  gravity. 

Ans. 

(17)  See  Arts.  1 824  and  1 826. 

(18)  See  Art.  1830. 

(19)  In  Fig.  II,  ABC 
represents  the  triangle. 
The  center  of  gravity  is 
found  as  explained  in 
Art.  1845.  The  distance 
of  the  center  of  gravity 
from  the  side  AC  =  I  ^^^  in. 

Ans. 

(20)  Speed  of  a  point  on  the  pitch  circle  in  feet  per 
minute  =  J |  x  3.1410  x  100  =  rs.5.4  ft.  per  min.  Apply 
formula  109. 

H.  P.  =  .01  X  785.4  X  i.57'  =  19.30.     Ans. 
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(21)  See  Art.  1826. 

(22)  Applying  formula  lOO, 


Iti  X  12  X  15  X  13 

Since  there  is  a  loss  of  ao;*,  1111  represents  SO^  of  the 
toUl  force.  Hence,  the  force  actually  required  =  UIJ -^ 
SO  =  138S  lb.     Ans. 

(23)     Apply  formula  I04.  m. 


(24)  See  Art.  I8K8.  Since  there  are  eight  parts  of 
the  rope,  the  force  required  =  1,890  -j-  8  =  236^^  lb.     Ans. 

(25)  Volume  =  (i)'  X  .78M  X  10  =  1.903  cu.  in.  One 
cMi.  in,  of  lead  weighs  ,411  lb.  (see  table  of  Weights  per 
CubicFoot);  consequently,  l.itli3  X.411  =.80r  lb.  =  13.H!oz. 

Ans. 

(26)  Length  of  power-arm  =4  ft.  —  4  ,n.  =  48  in. 
—  4  in.  =  44  in.    According  to  formula  94,  Px  4'4  =  1,500 

X  4  =  6,000;   hence,  P=  \—-  = 


:13fi|«rlb.     Ans. 

(27)  Length   of   power-arm  =  4  ft.  =  48   in.     Hence, 
IS  in  the  preceding  question,  P=  ■  -■■"■-  ^  135  lb.     Ans. 

(28)  See  Arts.  1869  and  1870. 

(29)  See  Art.     1885.      4,000  x  45  =  400  X  the    force. 
4,000  X  45 


Hence,  force  - 
(30)     14  ft. 


400 


:  450  lb.     Ans. 
:  IfiS  in.     Applying  formula  114, 
-  +  2  X  108  =  388  in,  =  32  ft.  4  in.     Ans. 


(31)  See  Arts,  1871  and  1872- 

(32)  See  Arts.  1876  and  1877. 
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(33)  The  weight  which  comes  on  the  block  and  tackle  is 
the  same  as  the  force  required  to  pull  the  body  up  the  plane, 

or  is  equal  to  — *  =  5,208^  lb.     Since  there   are 

1,/cOO 

12  parts  to  the  rope,  the  force  required  to  be  exerted  on  the 
free  end  is  5,208  ~  12  =  434  lb.     Ans. 

(34)  See  Art.  1898. 

(35)  See  Art.  1838. 

(36)  Applying  formula  95,  letting  P  represent  the 
required  force, 

P  X  30  X  20  X  10  X  15  =  1,250  X6x5x4x7, 

„      1,250X6X5X4X7       ..^  ,,        . 
30  X  20  X  10  X  15  ^ 

(37)  See  Art.  1872. 

(38)  One  cubic  foot  of  water  weighs  62.5  1b.;  hence, 
20  cu.  ft.  weigh  62.5x20=1,250  lb.  The  work  done 
=  1,250  X  50  =  62,500  ft. -lb.     Ans. 

(39)  18,000  +  10,000  =  28,000  lb.  =  the  load  which  the 
screw  must  overcome. 

Using  formula  111, 

(40)  30  X  14i  X  2  =  870.     870  -^  5  =  174  lb.     Ans. 


MECHANICS. 

(PART  2.) 


(1)  That  force  which  will  produce  the  same  final  effect 
upon  a  body  as  all  the  other  forces  acting  separately  or 
together. 

(2)  This  example  is  solved  by  the  parallelogram  of  forces, 
a.s  in  Art.  1917.  Measuring  the  diagonal,  the  total  pressure 
on  the  shaft  is  found  to  be  7^  tons,  nearly.     Ans. 

(3)  See  Arts.  1932  and  1933. 

(4)  Applying  formula  1 22, 

IV  =  12,000  X  {iy=  1J)87.5  lb.     Ans. 

(5)  Apply  formula  1  26,  and  use  1,000  instead  of  000,  as 
the  rope  is  of  steel. 

iy=  1,000  X  (oiy  =  -27,502.5  lb.     Ans. 

(6)  (n)  If  a   5-inch    line  =  20  lb.,  a  1-inch  line  =  4  lb. 
1-^4=1  inch  =  1  II).     Ans. 

(d)  f>i-^  4  =  Uyirir^  inches  =  (ij  lb.     Ans. 

(7)  See  Art.  1964. 
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(PART  2.) 


(1)  That  force  which  will  produce  the  same  final  effect 
^pon  a  body  as  all  the  other  forces  acting  separately  or 
together. 

(2)  This  example  is  solved  by  the  parallelogram  of  forces, 
^s  in  Art.  1917.  Measuring  the  diagonal,  the  total  pressure 
On  the  shaft  is  found  to  be  7^  tons,  nearly.     Ans. 

(3)  See  Arts.  1932  and  1933. 

(4)  Applying  formula  1 22, 

IV  =  12,000  X  (g)'  =  1,087.5  lb.     Ans. 

(5)  Apply  formula  1 25,  and  use  1,000  instead  of  GOO,  as 
the  rope  is  of  steel. 

iy=  1,000  X  {oiy  =  27,502.5  lb.     Ans. 

(6)  {(t)  If  a   5-inch    line  =  20  lb.,  a  1-inch  line  =  4  lb. 
1  -~  4  =  I  inch  =  1  lb.     Ans. 

(6)  Oi  -T-  4  =  1.5025  inches  -  0^  lb.     Ans. 


(7)     See  Art.  1964. 


§  r 
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MECHANICS.  gi: 

(8)  The  method  of  obtaining  the  resultant  is  shown  ii 
Fis.  I.  The  forces  are  laid  off  to  scale  to  form  a  polygon 
and  the  closing  line  gives  the  direction  and  magnitude  o 
the  resultant.     See  Art.  1918. 


I 


(9)  Area  of  cross-section  =  8*  X  .7854  =  50.2656  sq.  in. 
10  ft.  =  120  in.  =  L.  Crushing  strength  =  3.5  tons  per  sq. 
in.  (see  Table  33).  a  =  187.5  (see  Table  36).  Substituting 
these  values  in  formula  127, 


W-. 


3.5  X  60.2(i56 


80  tons,  very  nearly. 


Hence,     80  -^  (i  =  13J  tons  =  safe  load.     Ans. 

(10)  Those  forces  by  which  the  given  force  may  be 
replaced  and  which  will  produce  the  same  effect  on  a  body 
as  l!ie  given  force. 

(11)  Apply  formula  I  19, 
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A  =  "T-TTnT""  '^"^  ^^*  ^"•»  ^^^  ^^^^  ^^^  ^^^  ^^^^' 

/  '2~i~ 

Diameter  =  \/   -,^^-7  =  1.74+  in.     Ans. 

(1 2)  First  calculate  the  load  it  will  sustain  in  the  middle, 
by  means  of  formula  1 3CK 

Load  in  middle  =  ^  ^  ^^\,^  ^  ^  ^^  =  3,428|  lb. 

Uniform  load  =  3,428|  X  2  =  G,857^  lb.     Ans. 

(13)  Apply  formula  133.     From  Table  40,  the  proper 

constant  is  70. 

„                        10*  X  200      ^,  .^^,        . 
Horsepower  = — =  2,857|.     Ans. 


(14)  See  Fig.  II.  By  trigonometry,  be-  S7  X  sin  2:3° 
=  87  X  .39073  =  33.994  lb.  rt:r  =  87  X  cos  23°  =  87x  .92050 
=  80.084  lb. 

(15)  Apply  formula  121. 

W=  18,000  X  .5'  =  4,500  lb.,  the  load.     Ans. 

(16)  Applying  formula  126, 
(r=.0408|/i4,000  =  4.S3  in.,  the  circumference, nearly.    Ans 


MECHANICS. 


(10)     Al\--i7=  in   lb,,   acting  in   the  direction  of  the 
force  of  46  lb,     Ans. 
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(20)     Area    of    cross-section  =  IJ  x  3  =  5.25    sq.    in. 
Applying  formula  118, 

IV=  5.25  X  6,000  =  31,500  lb.,  the  safe  load.     Ans. 


(21)     The  graphical  construction   is  clearly  shown  in 
Fig.  V. 


< 


Pig.  V. 


(22)  See  Arts.  1926  to  1928. 

(23)  Apply   formula    126,  and   use   .0316   instead   of 
0408,  since  the  rope  is  of  steel. 


C=  .0316^/8,000=  2.83  in.     Ans. 


(24)     Apply  formula  130,  and  multiply  the  result  by  2. 

„,      4  X  6'  X  2  X  160  ^  ^       .  ...^  lu     ^u    1     ^       A 
W= 5^7 X  2  =  4,608  lb.,  the  load.     Ans. 

^0 


(25)  See  Arts.   1929  to  1931. 

(26)  Apply  formula  1 25. 

J^=  600  X  6'  =  21,600  lb.     Ans. 

24—38 


e 

MECHANICS. 

■ 

(27) 

=  J48q 

4    ft.  =  48    in.     Area    to    be 
ill.     Applying  formula  132, 

sheared  = 

tsxj' 

W=  34  X  40.000  =  9fiO,000  lb.,  the  fore 

e  required 

Am 

(2») 

Applying  formula  1 34, 

— =  40.8  revolutions  per  miaute,  nearly. 

Ans. 

(29) 

Apply  formula  125. 

Load  =  two  X  4'  =  9.t;00lb. 

Ans. 

(30) 

Apply  formula  128. 

Lo 

.O--^-^''^;^^^  '""-..lib.,  nearly.      An^ 

(31) 

Apply  formula  133. 

Horsepower  =  (?.iVr  X_I20  ^  ^^^^     ^    ^ 

Ans. 

(32)  Area  of  cross-sect  io 
Apply  formula  118. 

Safe  steady  load  =  12,000  x  1.7671  =  31,205.2  lb.     Ans. 

(33)  Substituting  the  valuesof  C  =  40.  ^'  =  14'  x  .7S54 
-  11.5'  X  .7854  =  30.0(193,  L  =  •£(>  X  Vi  =  UO,  a  =  o63.5, 
and  (/  =  14  in  formula  1  27,  we  have 

40  X  50.0fi93  3,002.772 


rr= 


1.5235 


=  1,315.45  tons. 


502.5  X  U" 
1,315.45 


+  1 
—  2 lit. 24  tons.     Ans. 


(34)     See    Art.    19H3.      Area   punched  =  IJ  x  3.U16 
Xi  =  3.5343  sq.  in.      Force  =  ;i.5:J43  X  60,000  =  212,05Slb. 

Ans. 
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(35)     See  Fig.  VI 


i 

1 

1 

^« 

jLgjjtN 

FIG.  VL 

(a)     ac=  325  X  cos  15°  =  325  x  .90593 

(b)     be  ^  325  X  sin  15°  =  325 

X  .25882 

313.03  1b.     Ans. 
84.12  1b.     Ans. 
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(1188) 
(1189) 
(1190) 
(1191) 
(1192) 


(1193) 
(1194) 


(1195) 


See  Arts.  1970  to  1977. 

See  Arts.  1972  to  1974. 

Less.     See  Art.  1 982. 

See  Arts.  1975  to  1977. 

(a)  See  Art.  1 979. 

(*)   and  {c)  See  Art.  1978. 

(d)  See  Art.  1982. 

See  Arts.  1984  to  1986. 

{a)  and  (*)  See  Arts.  1980  and  1981. 

(c)   1  B.  T.  U.  =  778  ft. -lb. 
30|  B.  T.  U.  =  30^  X  778  =  23,729  ft. -lb.  Ans 

35  H.  P.  =  35  X  33,000  ft. -lb.  per  min.  =  35  X 


33,000  X  60  ft. -lb.  per  hour  =  ^5  X  33^,000  X  60  ^  ^  ^  ^^ 

hour  =  89,074.5  B.  T.  U.  per  hour. 

But  this  is  the  heat  actually  used,  or  20j^  of  the  whole. 
Hence,  the  heat  required  is  89, 074. 5-7-. 20  =  445, 372. 5  B.T.U. 
per  hour.     Ans. 

(1 196)  One  horsepower  =  33,000  X  60  ft. -lb.  per  hour=: 
33,000  X  60 


778 


B.  T.  U.  per  hour. 


Each  pound  of  coal  gives  14,000  B.  T.  U.,  of  which  8j^,  or 
14,000  X  .08  =  1,120  B.  T.  U.,  is  utilized.  Hence,  the  coal 
required  per  hour  per  H.  P.  is 

33,000  X  60 


778 


-5- 1,120  =  2.27  lb.     Ana. 
§18 
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(1197)  The  specific  heat  of  sulphur  is  .iOiC.  (See 
Table  41, )  By  formula  136,  U=^c  lV(t,~()=.2(Xi6x^iiX 
(68  -  44)  =  109.4  B.  T.  U.     Ans. 

{Il»8)    {<!)  See  Art.  1684. 

{d)  To  raise  the  ice  from  17'  to  32"  requires  for  each 
pound  .504  X  (32  —  IT)  =  7.56  B.  T.  U.  To  melt  it  requires 
144  B.  T.  U.  Hence,  1  lb.  requires  144  + 7.5r.  =  isi.fifi 
B.  T.  U.     11  lb.  requires  11  x  151.3(3  =  1,667.16  B.  T.  U. 

Ans, 

(1199)  By  formula  136,  l'=  c  iV(i,~t)  =  .-^05x 
fi  X  (342-310)  =  02.250  B.T.U.    Ans. 

(1200)  Using  formula  137,  ^J 
-_  u'trf  +  ■u\c,  ;,+  «'.<•./.+ ^^ 

18X.0i)filx3Q5+13X.lt38x278+3axlX5ii_ 
18X.095I+13X. 1138+32x1 

(1201)  (rt)  fti^lB.  T.  U.     Ans. 

(fi)  To  raise  a  pound  of  water  from  63°  to  212°  requires 
212  —  63  =  149  B.  T.  U.  To  change  it  into  steam  requires 
966.0C9  more  B.  T.  U.  906  +  149  =  1,115  B.  T.  U.  for  1  lb. 
Hence,  8  X  1,115  =  8,920  B.  T.  U.  are  required.     Ans. 

(1202)  To  change  1  lb.  of  ice  from  23°  to  32°  requires 
(32  -  23)  X  .504  =  4.536  B.  T.  U.  To  melt  the  ice  requires 
144  B.  T.  U.  To  change  the  water  at  32°  to  water  at  212° 
requires  180  B.  T.  U.  per  pound.  To  change  the  water 
at  212°  into  steam  at  212°  requires  966  B.  T.  U,  per  pound. 
4.53G  +  144+  180+9CO  =  1,294.530  B.  T.  U.  per  pound. 
For  3.2  pounds,  1,294.630x2.2  =  2,847.98  B.  T.  U.,  as 
required.     Ans. 

(1203)  See  Arts.  1991  to  1993. 

(1204)  See  Art.  2024  and  Arts.  2027  to  2030. 

(1205)  In  the  return-tubular  boiler  the  one  or  two 
large  flues  are  replaced  by  a  large  number  of  small  tubes. 
In  other  respects,  the  boilers  are  quite  similar  in  principle. 
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See  Art.  2024. 

See  Arts.  2017,  2023,  2025,  and  2028. 

See  Art.  2024. 

See  Art.  2023. 

See  Art.  2011. 

See  Art.  2011. 

{a)  See  Art.  2004. 

(6)  The  temperature  at  which  combustion  takes  place  is 
always  the  same  for  the  same  substance.  The  nitrogen 
reduces  the  temperature  of  the  furnace,  since  a  portion  of 
the  heat  given  off  by  combustion  is  required  to  heat  the 
nitrogen. 

No.     See  definition  of  combustion,  Art.  2003« 

See  Art.  2007. 

See  Art.  2008. 


(1206 
(1207 
(1208 
(1209 
(1210 
(1211 
(1212 


(1213) 
(1214) 

(1215) 
(1216) 


The  number  of  heat  units  required  to  convert 
a  pound  of  water  at  32°  into  steam  at  400°  may  be  found  by 
means  of  formula  140. 

11=  1,081.4+  .305  X  400  =  1,203.4  B.  T.  U.     Ans. 

(1217)  In  order  to  use  formula  140,  the  temperature 
must  be  known.  This  can  be  found  when  the  pressure  is 
known,  by  means  of  formula  138.#  Applying  the  formula, 
/  =  14  i/l75  + 199=  384.2°,  the  temperature  of  saturated 
steam  having  a  pressure  of  175  pounds  per  square  inch. 
Now,  using  formula  140, 

If=  1,081.4  +  .305  X  384.2  =  1,108.G  B.  T.  U.     Ans. 

(1218)  Since  the  expansion  follows  Mariotte's  law,  the 
final  pressure  may  be  found  by  the  formula/,  =  - — .     Sub- 

stituting,  /,  = -—  =  24  lb.   per  sq.    in.   above  vacuum. 

24  —  14. 7  =  9. 3  lb.  per  sq.  in.  above  atmosphere.     Ans. 
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(1219)  Proim  Table  43,  colunm  5,  the  total  heat  of 
combustion  of  one  pound  of  coal  is  found  to  be  14,188 
B.T.V. 

|1  X  18  X  5  =  715  pounds  of  coal  burned  in  5  hours. 

14,188  X  715  8  10,105,095  B.  T.  U.  generated  by  the  com- 
bustion of  the  coaL    Ana. 

(1220)  According  to  Table  4S,  the  amount  of  air 
required  for  the  complete  combustion  under  a  blast  draft  is 
found  to  be  14  pounds.  Hence,  the  amount  of  air  required 
for  combustion  of  the  coal  in  Question  1319  is   ~ 

715  X  14  =  10,010  pounds.    Ans. 

(1221)  The  number  of  pounds  of  water  having  a  tem- 
perature of  63^  which  can  be  converted  into  steam  having  a 
temperature  of  313^  is  found,  fr<Mn  Table  43,  column  8,  to 
be  13. 67  pounds.  Hence,  the  total  quantity  of  water  which 
could  be  evaporated  under  the  above  conditions  by  the 
combustion  of  715  pounds  of  coal  is 

13.67  X  715  s  9,059.05  pounds.    Ans. 

(1222)  Since  the  pressure  is  3,600  pounds  per  square 
foot  above  a  vacuum,  and  there  are  144  square  inches  in  a 

square  foot,  the  pressure  above  a  vacuum  is   *        =  25  pounds 

per  square  inch.     Consequently,   the   pressure   per  square 
inch  above  the  atmosphere  is  25  —  14.7  =  10.3  pounds.    Ans. 

(1223)  See  Art.  2001. 

(1224)  According  to  formula  1 38,  the  required  tem- 
perature is 

/  =  199  +  14  X  4/152  =  371.62*'  F.     Ans. 

(1 225)  Applying  formula  1 39,  we  have  for  the  required 

(232 199\' 
—- — ^  j  =  5. 56    pounds   per   square    inch 

gauge-pressure.     Ans. 

(1226)  132  tons  equal  132x2,000  =  264,000  pounds. 
264,000  X  296  =  78,144,000  =  foot-pounds  of  work  necessary 
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to  raise  the  coal  to  the  top  of  the  shaft.     Since  1  B.  T.  U.= 
778  foot-pounds,  the  heat  supplied  is 

78,144,000 


778 


=  100,442.15  B.  T.  U.     Ans. 


(1227)  277,160  X  778  =215,630,480  foot-pounds  of  work 
done  by  the  engine  in  two  hours. 

Hence,  ^^^>^^^>^^^  =  107,815,240  ft.-lb.  done  in  one  hour. 

Ans. 

(1228)  The  strength  of  any  construction  is  always  that 
of  its  weakest  part.  In  the  present  example  the  diameter 
and  thickness  of  the  steam  and  water  drums  only  are  given, 
the  thickness  of  the  flues,  mud-drum,  and  boiler-shell,  and  the 
diameter  of  the  boiler-shell  being  omitted.  Such  being  the 
case,  we  must  confine  ourselves  to  the  strength  of  the  steam 
and  water  drums,  assuming  that  the  other  parts  of  the 
boiler  have  been  made  correspondingly  strong.  The  pres- 
sure which  the  steam-drum  will  safely  sustain  is  found  by 

formula  141  to  be  — '—^1 — ^  =  21G.25  pounds  per  square 

inch,  and  the  pressure  which  the  water-drum  will  safely  sustain 

is  found  by  the  same  formula  to  be  — ^-^— — —  =  259.5  pounds 

per  square  inch.  Since  the  safe  pressure  upon  the  steam- 
drum  is  less  than  that  which  can  be  sustained  by  the  water- 
drum,  the  pressure  on  the  boiler  must  not  exceed  the  safe 
pressure  which  can  be  sustained  by  the  steam-drum ;  that  is, 
216.25  pounds  per  square  inch.     Ans. 

(1229)  From  Table  43,  it  is  seen  that  from  14  to  18 
square  feet  of  water-heating  surface  are  required  to  produce 
one  horsepower  with  a  return-tubular  boiler.  Using  16 
square  feet  as  a  mean,  we  obtain 

1,620 


16 


=  lOlJ  H.  P.     Ans. 


(1230)     In  the  same  manner  as  in  example  1229,  it  is 
found    that  about   11  square  feet  of   heating-surface  are 
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required  to  produce  1  horsepover  with  a  water-tube  boiler. 
Hence, 

H.  P.  =5    *        =  276  horsepower.     Ans. 

(1231)  Ai^lying  formula  142,  the  height  of  the 
chimney  is  found  to  be 

_  r        848        y    r 34a t  _ 

* ""  Ls-Sa  X  W-  2i/ilJ  ~  L3.33  X  12  -  (2  X  3.464) J  "^ 
111  ft     Ans. 

(1232)  The  dome  and  the  dry-pipe.  See  Arts.  2022 
and2023. 

(1233)  SeeArt2010- 

(1234)  Blow-off  pipes  are  provided  to  remove  the  col- 
lected sediment.  The  boiler  is  also  provided  with  manholes 
or  handholes  for  cleaning  purposes. 

(1236)    See  Art.  2013. 

(1236)  To  avoid  overheating  and  burning  out  the 

upper  plates  of  the  furnace.  So  long  as  the  water  is  in 
contact  with  the  plates  which  are  next  to  the  fire,  they 
can  not  be  overheated  or  burned, 

(1237)  See  Art.  2023- 

(1238)  See  Art.  2017. 

(1239)  See  Art.  2018. 

(1240)  Answer  from  the  result  of  your  own  obser- 
vations. 

(1241)  The  steam-pipe  conveys  the  steam  after  it  is 
generated  from  the  boiler  to  the  place  where  it  is  used. 
The  feed-water  pipe  is  the  one  through  which  the  water  is 
introduced  to  the  boiler.  A  blow-off  pipe  is  one  attached 
to  the  lower  part  of  the  boiler  or  to  a  mud-drum.  It  is  used 
to  empty  the  boiler  of  the  whole  or  a  part  of  its  contents. 

(1242)  See  Art.  2012. 
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(1243)  The  arm  of  the  safety-valve  is  a  lever  in  which 
the  power  is  the  total  steam-pressure  on  the  valve,  G  X  81  = 
486  pounds.  The  power  arm  is  2  inches,  and  the  weight  is 
54  pounds.     Calling  the  weight  arm  ^,  we  have,  from  for- 


mula 04, 


Pa  =  Wb,  or  486  X  2  =  54  X  b. 


„  ,      486X2      ^..  . 

Hence,  b  =  — — —  =  18  m.     Ans. 

54 

( 1 244)  According  to  formula  141,/=  "^^^^3^  ^*  = 

127.8  pounds  per  square  inch,  the  greatest  pressure  under 
which  it  would  be  safe  to  operate  a  boiler  of  these  dimen- 
sions. 

(1245)  See  Art.  2033. 

(1246)  {a)  See  Art.  2035. 

{b)  The  top  and  sides  of  the  furnace,  and  the  tubes. 

(1247)  Using  formula  141,  /  =  ^^'^^/g^"^'^  =  91*  lb. 

per  sq.  in.,  the  safe  working  pressure.  Therefore  it  would 
be  unsafe  to  use  110  lb.  pressure. 

(1248)  {b)  According  to  Table  43,  a  vertical  boiler  has 
from  15  to  20  square  feet  of  heating-surface  per  horsepower. 
Assuming  18  »q.  ft.  per  H.  P.,  the  heating-surface  will  be 
35  X  18  =  630  square  feet.     Ans. 

(a)  Since  the  heating-surface  is  25  to  30  times  the  grate 
area,  the  latter  must  lie  between  ^/-  =  25.2  sq.  ft.  and  ^^  = 
21  sq.  ft. ;  say  about  23  sq.  ft.     Ans. 

(c)  One  horsepower  is  equivalent  to  an  evaporation  of 
30  pounds  of  water  per  hour,  the  feed  being  at  100°  and  the 
steam-pressure  at  70  pounds.  The  evaporation  per  hour  is, 
therefore,  35  X  30  =  1,050  lb.     Ans. 
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(1249)  The  stationary  parts  of  a  plain  slide-valve 
engine  are  the  steam-cylinder,  steam-chest,  supply-pipe, 
exhaust-pipe,  guide-bars,  shaft-bearings,  and  the  bed  or 
frame  of  the  engine. 

(1250)  The  expansion  curve  of  steam  on  an  indicator- 
card  represents  the  decrease  of  pressure  of  the  steam  after 
cut-off,  corresponding  to  the  increase  of  volume. 

(1261)  It  passes  its  central  position  during  the  interval 
between  the  point  of  release  of  the  steam  from  the  head  end 
of  the  cylinder,  and  the  point  of  compression  of  the  steam 
in  the  crank  end  of  the  cylinder,  during  the  forward  stroke 
of  the  piston,  and  conversely  for  the  backward  stroke. 

(1262)  Plain  slide-valves  usually  cut  off  between  one- 
half  and  full  stroke. 

(1253)  The  points  of  cut-off  and  release  are  marked, 
as  shown  in  Figs.  4G,  47,  48,  and  49.  The  perpendicular 
distances  from  these  points  to  the  atmospheric  line  are 
measured.  Multiplying  the  lengths  of  these  perpendiculars 
by  45,  the  scale  of  the  spring,  we  obtain 

1.3750  in.  X  45  =  61.8750  lb.  for  cut-off  } 
.5625  in.  X  45  =  25.3125  lb.  for  release  [     ^^'     '* 

1.3750  in.  X  45  =  61.8750  lb.  for  cut-off  | 
.6800  in.  X  45  =  30.6000  lb.  for  release  [     *^' 

1.3800  in.  X  45  =  62.1000  lb.  for  cut-off  )  ^.      ,^ 

4o. 


.1200  in.  X  45  =    5.4000  lb.  for  release 


[Fig. 


1.3700  in.  X  45  =    61.650  lb.  for  cut-off  ) 
.1200  in.  X  45  =    5.4000  lb.  for  release  )     ^^'      ' 
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To  find  the  back-pressure,  in  each  case,  find  the  perpen 
I         dicular  distance  between  the  lowest  point  of  diagram  and 


the  atmospheric  hne ;  multiply  by  45,  the  scale  of  the  spring, 
and  the  products  will  be  as  follows; 
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.065  in.  X  45  =  2.925  lb.  back- pressure  for  Fig.  ifi. 
.070  in.  X  45  =  a.l5    lb.  back-pressure  for  Fig.  47. 


.073  in.  X  45  =  :i.285  lb.  back-pressure  for  Fig.  4a 
.076  in.  X  is  =  3.375  lb.  back-pressure  for  Fig.  49. 
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To  determine  the  steam -pressure  in  the  cylinder  at  the 
point  of  compression,  we  must  combine  diagrams  A  and  £ 
and  £  and  F.  These  diagrams  are  combined  by  placing 
B  upon  A  and  F  upon  F,  the  atmospheric  and  extreme 
right  and  left  hand  lines  coinciding.  The  height  a  b  of  the 
diagram  I>,  in  Fig.  50,  represents  the  pressure  of  the  steam 
in  the  crank  end  of  the  cylinder  at  the  point  of  compression 
of  the  diagram  A.  This  is  as  it  should  be,  since  the  com- 
pression curve  is  drawn  by  the  pencil  of  the  indicator  when 
the  piston  is  making  its  return  stroke.  In  a  similar  manner, 
the  pressure  of  the  steam  in  the  head  end  of  the  cylinder 
at  the  point  of  compression  in  the  crank  end  is  the  height 
a' b'  of  A.  In  Fig.  51  the  height  ab  represents  the  pressure 
at  compression  for  E,  and  a'  b'  the  same  for  F.  These 
results  tabulated  are  as  follows: 

.85  in.  X  45  =  38.26  lb.  for  A. 

.74  in.  X  45  =  33.30  lb.  for  B. 

.00  in,  X  4S  =  40.50  lb.  for  E. 

.00  in,  X  45  =  40.50  lb.  for  7^ 

(1254)  Project  the  extreme  right  and  left  hand  points 
of  the  indicator-diagrams  upon  the  atmospheric  line;  divide 
the  distance  between  them  into  any  number  of  equal  spaces — 
36  in  this  case — and  through  the  centers  of  these  spaces  draw 
lines  across  the  diagram  perpendicular  to  the  atmospheric 
line.  Now  measure  the  length  in  inches  of  each  of  these 
perpendicular  lines  (the  lengths  are  given  in  all  the  figures), 
and  take  their  sum;  divide  this  sum  by  the  number  of  the 
equal  spaces  into  which  the  atmospheric  line  is  divided,  and 
multiply  the  quotient  by  the  scale  of  the  spring. 

Sum  of  the  perpendiculars  of  the  diagram  of  Fig.  46  = 
24.02  in. ;  then. 

^^  X  45  =  41.573  lb.,  M.  E.  P. 

Sum  of  the  perpendiculars  of  the  diagram,  Fig,  47,=26  in.; 
then, 

HX  45 -45  lb..  M.  E.P. 
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The  average  M.  E.  P.  for  both  diagrams  is 

4^1.573+45      ^oomu  •         A 
^ =  43.29  lb.  per  sq.  m.     Ans. 

(1256)  Sum  of  the  perpendiculars  of  the  diagram, 
Pig.  48,  =  8.32  in. ;  then, 

?^  X  45  =  14.40  lb.,  M.  E.  P. 

Sum  of  the  perpendiculars  of  the  diagram,  Fig.  ^  —  8.97; 
then, 

^  X  45  =  15.525  lb.,  M.  E.  P. 
Zo 

The  average  M.  E.  P.  for  the  two  diagrams  is 

14.40+15.525      ,,^^.  ,,  .         A 
=  14.96  lb.  persq.  m.     Ans. 

(1256)  Area  of  IS-inch  piston  =  15*  X  .7854  =  170  Tl  . 
square  inches. 

Using  formula  143^ 
^  ^  p  ^  ^^-^^  X  ^  >Ll2^1g  X  l^g  =  81.14  I.  H.  P.     An. 

oo,00U 

(1257)  Proceeding  as  in  example  1256, 

I  jj.  p.  =  l^-9«  X  ^  X  176^715  X  175  ^  ^^^^  j  ^  p      ^^^ 

33,000 

(1258)  The  actual  horsepower  is  81.14  —  28.04  =  53  1 
H.  P.     Ans. 

Applying  formula  146,  the  efficiency  is 

53.1 

3"-^  =.654  =  65.4  per  cent.     Ans. 
ol.  14 

(1250)     The  force  of  gravity  and  the  centrifugal  force. 

(1260)  See  Art.  2098. 

(1261)  The  piston,  piston-rod,  cross-head,  connecting- 
rod,  crank,  crank-shaft,  eccentric,  eccentric-rod,  slide-valve, 
smd  fly-wheel. 

24—39 
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(1262)  In  order  that  the  energy  stored  in  them  may 
be  utilized  in  carrying  the  crank  over  its  dead-center  posi- 
tion, and  also  to  cause  the  engine  to  run  at  a  more  unifonn 
speed. 

(1263)  Compression  is  taking  place.  See  Figs.  fiO 
and  SI. 

(1264)  Any  portion  added  to  the  length  of  a  valve 
more  than  is  absolutely  necessary,  in  order  to  cover  the  out- 
side edges  of  the  steam-ports  when  the  valve  is  in  its  centra] 
position,  is  called  the  outside  lap  of  the  valve.  It  is  added 
to  enable  the  valve  to  cut  off  the  live  steam  before  the 
piston  reaches  the  end  of  its  stroke. 

(1265)  Apply  rule.  Art.  2059.  Cut-off  in  the  dia- 
gram, Fig.  807,  takes  place  at  a  point  1.34  inches  from  A 
See  Fig.  46. 

Therefore,  cut-off  equaU^^,  or  il^  of  stroke. 

Cut-ofF  in  the  diagram,  Pig.  SOB,  takes  place  at  a  point 
1.48  inches  from  <i.      See  Fig.  47.  ■ 

Id 
^3.25' ■ 

Cut-off  in  the  diagram.  Fig.  809,  takes  place  at  a  point 
.255  inch  from  rt.     See  Fig.  48. 


Cut-off  in  the  diagram,  Fig,  810,  takes  place  at  a  point 
.246  inch  from  a.     See  Fig.  49. 

Therefore,  cut-off  equals  ^-n^,  or  7.6i<  of  stroke. 

In  each  case  the  length  of  the  diagram  is  3.35  inches. 

(1266)  The  indicated  horsepower  of  this  engine  will 
be  about  one-half  greater  than  the  actual  horsepower,  or 
»,«  4-  05  =  97. 5  horsepower.     See  example.  Art.  2077< 

A  fair  piston  speed  is  500  feet  per  minutQ. 
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Assume  the  cut-off  to  be  taken  at  f  and  the  boiler-pressure 
to  be  70  pounds  per  square  inch.  Applying  formula  144, 
the  M.  E.  P.  =  .9  [.937  (70  +  14.7)  -  17]  =  56.13  pounds  per 
square  inch.     Letting  ^/=  diameter  of  cylinder, 

T  TJ   r»        ^*  X  •'^854  X  56.13  X  500       ^„  ^ 

^'  "•  ^-  = spoo =  ^^'^^  ^^ 


,      ^/       97.5  X  33,000  ,o  aq  •     u  io  •     u 

^=  ^  .7854X56.13X500  =  ^^'^^  ^''^^"'^  ^"  '^^  ^^  ^"^^^'- 

Taking  the  ratio  of  stroke  to  diameter  of  cylinder  as  1^, 
we  have  stroke  =  12*  X  1^  =  18  inches.  The  number  of 
revolutions  of  the  crank  is 

500X6      ^..^  ,     .  .     ^ 

— — —  =  166f  revolutions  per  mmute. 

lo 

(1267)  A  combination  of  two  single-cylinder  engines 
of  exactly  the  same  description  and  dimensions,  which  have 
their  cranks  rigidly  connected  to  a  common  crank-shaft 
and  take  the  steam  at  the  same  pressure,  is  called  a  duplex 
engine. 

Compound  txi^wat^  are  those  having  two  cylinders,  of  which 
the  working  lengths  are  usually  the  same,  but  the  diameter 
of  one,  the  high-pressure  cylinder,  is  less  than  that  of  the 
other,  the  low-pressure  cylinder,  and  the  steam,  instead  of 
entering  both  cylinders  at  boiler-pressure,  enters  first  the 
high-pressure  cylinder,  and  is  exhausted  from  there  into 
the  low-pressure  cylinder 

(1268)  One  in  which  the  cylinder  is  in  a  vertical  or 
upright  position. 

(1269)  The  stroke  of  an  engine  is  the  distance  passed 
over  by  the  piston  when  moving  from  one  end  of  the  cylin- 
der to  the  other  end,  and  is  equal  to  the  throw  of  the  cranky 
or  to  the  diameter  of  the  circle  described  by  the  center  of 
the  crank-pin. 

(1  270)  An  eccentric  is  a  disk,  or  wheel,  so  arranged 
upon  a  shaft  that  the  center  of  the  wheel  and  that  of  the 
8}i4ft  do  not  coincide.     It  is  equivalent  to  a  crank  havin'if 
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u&cd  lo  give  motion  to  the  slide- 


*  the  same  throw,  and  i 
valve. 

(1271)  It  is  the  period  during  which  the  steam  remain- 
ing in  the  cyHnder  after  the  exhaust-valve  has  closed  is 
compressed  as  the  piston  continues  the  return  stroke.  It 
begins  at  the  instant  that  the  valve  closes  the  port  to  the 

'  exhaust -steam. 

(1272)  It  shortens  the  period  of  release  and  lengthens 
both  the  period  of  expansion  and  compression. 

(1273)  It  permits  an  earlier  cut-off,  together  with  a 
r  greater  range  and  more  perfect  steam  distribution. 


(1274)     Using  formula  143, 

I.  H.  P.  : 


62.4  X.7St>iX  18'  X  Hx  axl75_ 

""      ~~  a3,oo6 

3*6.826  I.  H.  p.     Ans. 
(1276)     By  setting  the  cranks  at   right   angles,  both 

engines  can  not  lie  on  a  dead-center  at  the  same  time. 

(1276)  See  Arts.  2097  and  2098. 

(1277)  By  the  iore  of  a  cylinder  is  meant  its  diameter. 

(1278)  Steam  is  called  live  steam  when  it  leaves  the 
boiler  and  before  doing  any  work  in  the  cylinder.  The 
energy  stored  in  the  live  steam  is  potential  energy. 

(1279)  The  fly-wheel  supplies  the  force  necessary  to 
overcome  the  retarding  effect  of  compression. 

(1280)  (^)  The  dead-center  positions  occur  when  the 
piston  reaches  the  end  of  its  stroke,  and  the  centers  of 
the  cross-head  pin,  crank^pin,  and  crank-shaft  are  in  the 
same  straight  line. 

{d)  Twice.     . 

(1281)  A  steam-engine  indicator  is  an  instrument 
which  draws  a  diagram  showing  the  pressure  of  the  stefin 
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in  the  cylinder  at  every  point  of  the  stroke.     See  Fig.  679 
for  method  of  fastening  to  cylinder, 

(1282)  See  Art.  2097. 

(1283)  See  Art.  2039. 

(1284)  It  is  the  resistance  against  being  pushed  into 
the  condenser  or  the  atmosphere  which  the  exhaust-steam 
exerts  on  the  piston. 

(1286)  By  period  of  release  is  meant  that  period  during 
which  the  steam  is  escaping  into  the  atmosphere  or  con- 
denser.    The  point  of  compression  marks  the  end  of  release. 

(1286)  See  Art.  2049. 

(1287)  Two.  One  spring  is  to  resist  any  upward 
motion  of  the  indicator-piston,  and  the  other  is  to  carry 
the  drum  back  to  its  first  position  when  the  pull  on  the 
cord  is  discontinued. 

(1288)  The  back-pressure  line  would  then  fall  below 
its  present  position  a  distance  represented  by  a  pressure  of 

I  X  14.7  =  12i  pounds  =  -rf  =  .27  inch,  nearly.     Then,  for 

the   same   mean   effective   pressure,   the   cut-off  would  be 
earlier. 


(1289) 

See  Art.  2091. 

(1290) 

See  Art.  2039. 

(1291) 

See  Art.  2042. 

(1292) 

Release  is  taking  place. 

(1293) 

compresse< 

The  varying  pressures  of  the  steam  while  being 
1 

(1294) 

See  Art.  2050. 

(1295) 

See  Art.  2055. 

(1296) 

See  Art.  2055. 

(1297) 

See  Art.  2()78. 

(1298) 

See  Art.  2039. 

n 
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1            (1299) 

See  Art.  2050. 

J 

1            (I300) 

At  the  end.     See  Art.  2045. 

4 

(1301) 

See  Arts.  2048  and  2050. 

(1302) 

See  Art.  205S. 

(1303) 

Using  formula  1 44  and  the  constants  in  Tabi 

44.  the  M.  E.  P.  for  -^  cut-off  is 

.9  [.708 

rs  +  14. r)  -  17]  =  41.86  lb.  per  sq.  in. 

Ans. 

For  cut-ofF  at  i  stroke. 

M.E.p.=.a 

[.847(75+14.7)— 17]  =  53.ie  lb.  per  sq. 

in.   Ana 

(1304) 

See  Art.  2080. 

(130S) 

See  Art.  20B2. 

(I30«) 

See  An   2039. 

(I307) 

See  Art.  2044. 

(I308) 
'             (1309) 

Closed.     See  Art.  2045  and  Fig.  C70  (a\ 

See  Art.  2045. 

(1310)     Using  formula  145, 


1/t 


OtI: 


65 
'  R  ' 


3.50  X  e 
175 


=  12  inches.     An& 


(1311) 
(1312) 
(1313) 
(1314) 
(1315) 
(1316) 

(1317) 


See  Art.  2080. 

See  Arts.  2094  and  2098. 

See  Art.  2039. 

See  Art.  2043. 

See  Art.  2052. 

Applying  the  rule,  Art.  2066i 

length  =  ^-— —  =  24  inches.     Ans. 

Applying  formula  14S, 
R      4R  X  50 


40U  feet  per  minute,     Aoi. 


(1318)     See  Art.  2085. 
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(1319)  Sec  Arts.  2096  and  2097. 

(1320)  See  Art.  2044. 

(1321)  See  Art.  2044. 

(1322)  Formula  143  gives 

I  H  P  ^-P^^^  -  -^3.4  X  tf  X  22*  X  .7854  X  2  X  200_ 
■     '     '         33,000  33,000 

300  H.  P.,  nearly.     Ans. 

(1323)  See  Art.  2061. 

(1324)  Applying  formula  1 45, 

5=—,  or  7?  =  -^; 

therefore, 

R  =  — — —  =  75  rev.  per  mm.     Ana. 

(1325)  See  Art.  2081. 

(1326)  See  Art.  2095. 
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(1327)  SeeArt.  2101. 

(1 328)  (a)  4  ft.  =  48  in.  A  cubic  inch  of  mercury  weighs 
.49  lb. ;  hence,  the  pressure  exerted  by  48  inches  of  mer- 
cury =  48  X  .49  =  23.52  lb.  per.sq.  in.     Ans. 

{6)  Since  the  pressure  of  1  atmosphere  is  14.7  lb.  per  sq. 
in.,  a  pressure  of  23.52  lb.  per  sq.  in.  is  equivalent  to 
23.52  -r- 14.7  =  1.6  atmospheres.     Ans. 

(1329)  A  pressure  of  1  atmosphere  will  support  a  col- 
umn of  water  34  ft.  high.  Since  the  column  of  water  is  15 
ft.  high,  the  height  of  the  confined  air  is  34  —  15  =  19  ft., 
or,  in  other  words,  the  tension  of  the  confined  air  in  pounds 
per  square  inch  is  equal  to  the  weight  of  a  column  of  water 
1  in.  square  and  19  ft.  high.  The  pressure  exerted  by  a  col- 
umn of  water  1  ft.  high  and  having  a  cross-section  of  1  sq. 
in.  =  12  X  .03617  =  .434  lb.  Hence  the  tension  of  the  con- 
fined air  =  .434  X  19  =  8.246  lb.  per  sq.  in.     Ans. 

(1330)  See  Arts.  2117  and  2118. 

(1331)  SeeArt.  2118. 

(1332)  There  would  be  no  loss,  because  the  air  would 
have  no  opportunity  to  lose  heat  by  radiation  in  the  pipes. 
The  heat  stored  in  the  air  during  compression  would  be 
available  for  useful  work. 

(1333)  See  Arts.  2121  and  2126. 

(1334)  SeeArt.  2131. 

(1335)  SeeArt.  2136. 
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(1336)  Set;  An.  2145. 

(1337)  (a)  Set;   Art.    2113.     {/>)    More   work   i 
quired  to  compress  ;iir  adiabatically. 

(1338)  Applying  formula  157  and  substituting. 


A=/ 


^50  +  a_to„/45i>  +  55\_ 
WJ  +  t}"'^  \i59  +  120/  * 


,„       514       20,560       „^  „  ,^  .  . 

40  X  TSK  =  — ^^     =  35.51  lb.  per  sq.  in.     Ans. 


^ 


<133B)     0')     14.7  +  9  =  23,7  lb.  per  sq.  in.,  the  tension. 

Since  the  area  of  the  piston  remains  constant,  the  volume 

at  any  point  of  the  stroke  will  be  proportional  to  the  distance 

passed  over  by  the  piston;  hence,  we  may  substitute  the 

latter  for  the  former  in  formula  151. 

fiv      14.7  X  80      ,„  „„  .       J. 
t\  =  ^  =  - — =49,63  m.,  distance  between  piston 

and  end  of  stroke.     The  distance  passed  over  by  pistun  =  80 
—  4!i.(;'i=  il0.3S  in.     Ans. 

(6)  Area  of  piston  =  80'  X  .7864  sq.  in. 

Volume  of  air  at  point  of  discharge  =  80'x.7864x  49. fi2  = 
249.417.91  cu.  in. 

249,417.91  ^  1,728  =  144.34  cu.  ft.      Ans. 

{1340)  Since  the  required  horsepower  is  25  and  the 
loss  is  'M}%,  the  horsepower  of  the  engine  must  be  25 -r 
(100^  -  IlS.'i)  =  25  -^  .05  =  38.40  H,  P. 

To  calculate  the  M.  E.  P.,  formula  144  may  be  used. 

M.  E.  P.  ^. 9  [.904  (92 +14. 7)-  17]  =  71:5  lb.  per  sq.  in. 

To  find  the  diameter  of  the  steam-cylinder,  substitute  in 
formula  14(!i. 


Length  of  stroke  —  8^  X  If  =  lU  in.      Consequently,  the 
team-cylinder  should  be  B|  X  HJ  in.      Ans, 
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(1 341 )  The  steam-cylinder  will  show  the  greater  I.  H.  P. 
The  difference  represents  the  horsepower  required  to  over- 
come the  friction  of  the  moving  parts  of  the  compressor. 

(1342)  See  Art.  2149. 

(1343)  {a)  Volume  of  cylinder  =  ^^'  ^  '^^^^  ^  ^'^  ^- 

5  8178  cu.  ft. 

32  —  26  =  6  in.,  length  of  stroke  unfinished. 
The  volume  at  discharge  is  -^  of  volume  at  beginning  of 
stroke,  or  ,V  X  5.8178  =  1.0908  cu.  ft.     Ans. 

{b)  To  calculate  the  weight,  substitute  in  formula  161, 
taking  the  values  of  P,  F,  and  T  at  beginning  of  stroke. 

Tjir         PV  14.7X5.8178  .0-..0  1U       A 

^^=  :37Q52r  =  .37052  X  (459  +  76)  =  '^^^^^  ^^'     ^^'- 

(1344)  Since  the  area  of  the  cylinder  remains  constant, 
any  variation  in  the  volume  will  be  proportional  to  the 
distance  between  the  piston  and  end  of  stroke;  hence,  we 
may  substitute  the  latter  for  the  volume  in  formula  150« 

pv      14.7  X  32      ^o  >!  iu  •         A 

/,  =-^—  = =  78.4  lb.  per  sq.  in.     Ans. 

(1345)  Using  formula  150, 

^  pv  (3X14.7)  XI  ^r,oA^U  A 

A  =  —  =  -^^ -c<-r^ =  17.64  lb.     Ans. 

^'       7\  2.5 

(1346)  Applying  formula  159  and  substituting, 

^_  .37052  WT  _  .37052  X  7.14  X  (459  +  75)  ^ 
P  "  1.5X14.7  """ 

64.068  cu.  ft.     Ans. 

(1347)  p  =  H  atmospheres  =  SJ-  X  14.7  =  51.45  lb.  per 
sq.  in. 

Applying  formula  1 54  and  substituting, 

/  :  IV  ::  /,  :  n\. 
51.45  :  13  ::/,  :  2. 

/,  = 7T~~~  =  7.915  lb.  per  sq.  in.     Ana 
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{1348)     Volume  at  beginning  of  stTx>lce  = 
48*X.78MX  6 


1.728 


-  =  ea.8M  CO.  ft. 


Substituting  in  formula  161   to  obtain  tbe  iretght  of 
tbe  air, 

Pf     _       1^7  X  62.833 
'.37052  r" 


"'=-: 


=  4.8031  lb. 


.37052  X  (459 
Volume  at  time  of  discharge  = 

To  calculate  the  tension,  substitute  in  formula  158^1 
taking  the  values  of  T  and  J'  at  the  time  uf  discharge  anA 
tbe  Talue  of  If  as  4.8(131. 


.37052  If  7" 


■  37l>5gX  4.8031  X  (459+130) 
10.472 


IUO.Otfa  lb.  per  sq.  in.     Ans. 

(1348)     Appljring  formula  160  and  substituting, 
, .  _  .3:052  W  T  _  .37052  X  1  X  (459  +  127) 
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S.012  cu.  ft. 
Ans. 


(1350)     A  pressure  of  4,000  lb,  per  sq,  ft,  is  equivalent 
-    '       ,  or  27.777  lb.  per  sq.  in.     Using  formula  lfi9. 


144  ' 


V= 


.37053  IV  T_  .37052  X. 5  X  659 


=  3.728  cu.  ft-     Ans. 


37.777 
(1351)     Applying  formula  156  and  substituting, 

:  4.0012  cu.  ft.     Ans, 


~  „  /'45i)  +  /A  _  /459  +  115\  _ 

^'       ■'  \io9  +  t  /~     ^  i  459  +  40  / 

(1352)  See  Art.  2147. 

(1353)  Since  the  ordinary  temperature  is  given  in  each 
case,  we  add  459°  to  obtain  the  corresponding  absolute 
temperatures. 

469°+ 33°  =  491°;  459°+ 212°  =  671°;  459°+ 63°  =  621°; 
459°+ 0°  =  459°;    459°- 40°  =  419°. 
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(1354)  P—10  atmospheres  =  10  x  14.7  =  147  lb.  per 
sq.  in.     Applying  formula  1 60  and  substituting, 

^  7  .37052  IV  ""  .37052  X  3.5  "  ^^^'^^^  • 
453.417**—  459**  =  —  5.583**,  or  5.583"*  below  zero.     Ans. 

(1355)  See  Art.  2134. 

(1356)  Applying  formula  150  and  substituting, 

^      /fv      130X11.798      oA^*:iu  A 

A  ='^—  = S7^ =  20.45  lb.  per  sq.  m.     Ans. 

^^         Z/,  75  r  n 

PV 

(1357)  Applying  formula  160,  ^="370521^* 

Substituting,  T=  J^^  ^\  ^=566.77°.   566.77°-459°= 

•  o70d/v  X  1*>^ 

107. 77^     Ans. 

(1358)  Applying  formula  156  and  substituting, 

/459  +  ^\       ^,       /459  +  420\       .,^  _         -         . 
^»=^(459T7)=^^><(l5^  ^"^- 

(1369)  To  obtain  absolute  pressure,  1  atmosphere  must 
be  added  to  the  gauge-pressure.  6+1  =  7  atmospheres. 
Substituting  in  formula  161 9 

PV  14  7  X  7  X  12 

^=:37052T  =  :37052->r(l59T90)  =  ^'^^^^^  ^^- 

weight  of  12  cubic  feet.     0.07033  -f-  12  =  .5058G  lb.,  weight 
per  cubic  foot.     Ans. 

(1360)     .5  lb.  =  8  oz.     1  lb.  6  oz.  =  22  oz. 
Applying  formula  154  and  substituting, 

14.7  :   8  ::/j  :  22. 
p^  =      ''  =  40.425  lb.  per  sq.  in.     Ans. 
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(1361)  Applr  formula  158.     •.  =  -(^^)- 
Substituting, 

3.385.42  -i-  1.T28  =  1.96  cu.  ft.     Ana. 

(1362)  P=liXU.7\b.  persq.  in. 
Applj-ing  formula  Ittl  and  substilutmE:, 

.y^      Pi^  _^       IjX  14.7X55      _  1.01Q.«2.-i_ 

.37052 ?■       .37052  X  (450  +  88)       203.67444  Xas 

(1303)  Since  the  temperature  and  volume  in  both  ves- 
sels are  the  same,  the  pressure  of  the  mixture  will  be  equal 
to  the  sum  of  the  pressures. 

2  atmospheres  =  3  X  14. 7  =  29.4  lb.  per  sq.  in. 

39.4  +  40  =  69.4  lb.  per  sq.  in.     Ans.     See  Art.  2167. 

(1364)  We  would  understand  that  the  mercury  had 
fallen  7  inches,  and  that  there  was  enough  air  in  the  con- 
denser to  produce  a  pressure  of  '- — ~ —  x  14.7,  or  -^X 
14.7  =  3.43  lb.  per  sq.  in.     Ans.     Sec  Art.  2155. 

(1365)  144  X  14.7  ^2,116.8  lb.  persq.  ft.     Ans. 

(1366)  If  the  weight  of  3  cu.  ft.  under  a  pressure  of  30 
lb.  per  sq.  in.  is  .27  lb.,  the  weight  per  cu.  ft.  ='~^  =  .09  lb. 

Applying  formula  154  and  substituting. 

/  :  IK  ::  /,  :  W^,  or  30  :  .09  ::  65  :  W,. 

,,,       .09  X  65        ,„^  ,.         . 
W.  =  — ^j- —  =  .195  lb.     Ans. 


(1367)  To  find  the  absolute  temperature,  we  substitute 
in  formula  160*  the  values  of  Z',  F",  and  If  given  in  Question 
1366. 

T -        ^^       -        ^"X'"^        -  899  64" 

Ordinary    temperature  =  899.64"  —  459°  =  440.64°.      Ans. 
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(1388)  Since  the  pressures  and  volumes  are  unequal, 
we  apply  formula  162  in  order  to  obtain  the  tension  of  the 
mixture. 

V       ' 
Substituting, 

p_  14.7  X  12  +  3  X  14.7  X  8  _  170.4  +  352.8  _ 

20  ~  20  ■" 

26.46  lb.  per  sq.  in.     Ans. 

(1369)  Applying  formula  163  and  substituting, 
^^/^+A^,^U.7X  12  +  3x14.7x8^^^^^  ^^    ^^ 

^  ^*  Ans. 

(1370)  See  Art.  2155. 

(1371)  Since  a  cubic  inch  of  mercury  weighs  .49  lb., 

49 
^  oi  2l  cubic  inch  weighs  ^t_  x  .49  =  *—  lb.   Consequently,  a 

.49 
height  of  ^  in.  of  mercury  is  equivalent  to  a  pressure  of  '-rzr 

40 

lb.  per  sq.  in.     1  sq.  ft.  =  144  sq.  in.     The  equivalent  pres- 

49 
sure  upon  a  sq.  ft.  =  ^  x  144  =  1.7G4  lb.     Ans. 

40 

(1372)  (a)  See  Art.  2155. 

(b)  The  height  of  the  mercury  in  the  tube  shows  the 
number  of  inches  of  vacuum. 

Since  the  mercury  column  is  4^  inches  shorter  than  the 
barometer  column,  the  gauge  will  show  30  —  4^^  =  25^  inches 
vacuum.     Ans. 

(1373)  Since  a  column  of  mercury  30  in.  high  will  sup- 
port a  column  of  water  34  ft.,  1  in.  of  mercury  will  support 
a  column  of  water  of  -3^5^  x  34,  or  |J  ft.  in  height. 

Hence,  27  inches  of  mercury  will  support  27  X  M  =  30.$ 
ft.  of  water.     Ans. 

(1374)  See  Art.  214:?, 
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(1375)  See  Art.  21 40.  Each  rock-drill  requires  a 
receiver  volume  of  10  cubic  feet ;  therefore,  to  supply  S  rock- 
drills,  the  volume  of  the  receiver  should  be  8  x  10  =  80 
cu.  ft.     Ans. 

(1376)  Sec  Art.  2119.  (1)  There  is  a  loss  due  to 
useless  heating  of  the  air  during  the  compression;  this  is 
reduced  by  the  water-jacket  or  by  water  injection.  ("2) 
The  loss  due  to  the  friction  of  the  engine  and  compressor 
can  only  be  reduced  by  careful  workmanship  and  design  in 
the  building  of  the  compressor.  {:))  There  is  a  slight  loss 
due  to  leakage  and  friction  of  air  in  pipes.  The  loss  due 
to  friction  becomes  large  when  the  pipe  is  very  long  and  of 
small  diameter ;  therefore,  this  loss  is  reduced  to  a  mininium 
by  using  large  pipes  for  conveying  the  air. 


Hydromechanics  and  Pumping. 


(1377)  (6)  To  obtain  the  discharge  in  cubic  feet  per 
second,  apply  formula  ISO. 

.41 X  fl  X  4/2x32.16  [V{5iy-  Vi^W]  =  ^2. 21  cu.  ft.  per  sec. 

Ans. 
{a)  Area  of  weir  =  6d=  2.5  X  2  =  5  sq.  ft. 

Apply  formula  179. 

v^  =  ^=  ^^^  =  10.44  ft.  per  sec.     Ans. 

{c)  To  get  the  discharge  in  gallons  per  hour,  multiply  {b) 
by  60  X  60  (seconds  in  an  hour)  and  by  7.48  (gallons  in 
a  cubic  foot).  Thus,  52.21  X  GO  X  60  X  7.48  =  1,405,910.9 
gal.  per  hour.     Ans. 

(1378)  First  find  the  coefficient  of  friction  by  using 
formula  182  and  Table  45. 


.,  =  2.315f^:  =  2.3154/IJ|||I=3.19  ft.  per  sec. 

From  the  table,  /=  .0243  for  v,„  =  3,  and  .023  for  t^  =  4; 
the  difference  is  .0013  =  difference  for  a  difference  of  velocity 
of  1  ft.  per  sec.  Then,  .0013  X  .19  ft.  per  sec.  =  .000247, 
or  say  .00l;2,  using  but  four  decimal  places  =  difference  for  a 
difference  of  velocity  of  .19  ft.  per  sec.  Therefore,/" =.0243 
—  .0002  =  .0241,  or  say  .024. 

Use  formula  186.  Substitute  in  it  the  value  of /*  here 
found,  and  multiply  by  GO  to  get  the  discharge  per  minute. 

§21 

For  notJce  of  the  copyriifht,  see  paye  immediately  following  the  tiUe  page 
24 — 40 
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;  X  60  =  «7.T  gU. 


(2  =  .09MS</' 


r/ 


7»  X  7.5 


.DM  X  U,OW  -i- . IW  X  7.S 


per  nun. 


Aju. 


(1379)    («)    n»e  formula  181. 


.OMxn.ooo  +  .mx7..'<°°='«''"'^'»"g;i 

(*)    447.7  gal.  per  min.  .r-  60  =  7.46^  gal.  per  sea  =  1  co. 
ft  per  sec.,  nearly.    An*. 

(1380)'  tlae  fonnnU  167. 

v  =  4/i7T=V»XI«.iexlO  =  S>.MfL  periec.     Asa. 

(1381)    UaefoniiululSSudlSa. 

From  Table46,/=. 021  fort/„=  6.768;  hence,    * 

I,  -~  ZJ-S.  A.  naas »»  *  — 


S.36 
.031  X  1,600  X  6.768" 


fi.36X  6.5 


+  .0233  X  6.768*  =  42.48  ft.     Ans. 


(1382)  Area  of  top  or  bottom  of  cylinder  equals  20*  X 
.7854  =  314.16  sq.  in.  Area  of  cross-section  of  pipe  =  (|)' 
X  -7854  =  .1104  sq.  in,  26  lb.  10  oz.  =  25.626  lb.  26.626  4- 
.1104  =  232.11  lb.  pressure  per  sq.  in.  on  top  or  bottom 
exerted  by  the  weight  and  piston. 

Pressure  due  to  a  head  of  10  ft.  =  .434  X  10  =  4.34  lb.  per 
sq.  in. 

Pressure  due  to  a  head  of  13  ft.  =  .434  X  13  =  6.643  lb. 
per  sq,  in. 

(Since  a  column  of  water  1  ft.  high  exerts  a  pressure  of 
.434  lb.  per  sq.  in.     See  Art.  22S9.) 
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{a)  Pressure  on  bottom  =  pressure  due  to  weight  +  pres- 
sure  due  to  head  of  13  ft.  =  232.11  +  5.64  =  237.75  lb.  per 
sq.  in.     Ans. 

(6)  Pressure  on  the  top  =  pressure  due  to  weight  +  pres- 
sure due  to  head  of  10  feet  =  232.11  +  4.34  =  236.45  lb.  per 
sq.  in.     Ans. 

(c)  Total  pressure,  or  equivalent  weight  on  the  bottom,  = 
237.752  X  314.16  =  74,692.17  lb.     Ans. 

(1383)  .434  X  H  =  .651  lb.,  pressure  due  to  the  head 
of  water  in  the  cylinder  above  the  orifice. 

236.45,  pressure  on  top   per   sq.  in.  +  .651  =  237.1,  total 

pressure  per  sq.   in.     Area  of  orifice  =  1'  x  .7854  =  .7854 

sq.  in. 

.7854  X  237.1  =  186.22  lb.     Ans. 

(1384)  First  find  the  coefficient  of  friction  by  formula 
1 82  and  Table  45. 

t-.  =  2.315/g=2.315|/C|0X^  =  5.072ft.persec., 

or  say  5  ft.  per  sec. 

From  the  table,  /=  .023  for  v^  =  4c  and  .0214  for  v^  =  6. 

.023 -.0214  ^  ^^^  _ .0008  =.0222  =/for  v^  =  5' 

6  —  4  J  m 

Use  formula  182,  because  the  pipe  is  longer  than  10,000 
times  its  diameter. 

Hence.  z,„  =  2.315  l/II^lI  =  5.38  ft.  per  sec.  Ans. 

(1385)  Use  formulas  182  and  181. 


""= '^•^^^^'^.025^2,000=  ^-^^^^-P-^^^" 

From  the  table,  /=  .0214  for  v^=  6  and  .0205  for  v^  =  8. 

.0214  — .0205        ^^^.^   .  ■      r  .  r       1     -^ 
=  .00045  decrease  for  an  mcrease  of  velocity 

o  —  h 
of  1  ft.  per  sec.     7.17  -  G  =  1. 17.     .00045  X  1.17  =  .0005205, 
total  decrease.      /=  .0214  -  .0005205  =  .0208735.  or  .0209, 
using  four  figures. 
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Hence,  the  velocity  of  discharge  = 

(1 386)  {a)  /=  .0305  for  v„  =  8,  Therefore,  using  for- 
DDula  183, 

.:2?2||A28^+. 0833X8' =130. 73  ft.     Ans. 

(A)  tsing  formula  184,  0  =  .0408rf't'.  =  .0408  X  10' X 
8  =  32.64  gal.  per  sec.  32.M  x  60  X  60=  117.504  gallons 
per  hour.     Ans. 

(1387)  A  column  of  water  1  inch  square  and  2.304  ft. 
high  weighs  1  lb. ;  hence,  to  produce  a  pressure  of  30  lb,  per 
sq.  in,,  it  will  require  a  column  of  water  2.304  x  30  =  69.12 
ft.  high  =  head.     Using  formula  172, 

i/:=.98/2^  =  .fl8^2x32.1«X  69. 13  =  65.34  ft.  per  sec.  Ans. 

{ 1 388)  (a)  36  in.  =  3  ft,  A  column  of  water  1  inch  square 
and  1  ft.  li>ng  wi;ighs  .43403  lb.  .4.3403  X  43  =  l^.fX/SS  lb. 
per  sq.  in.  on  the  bottom  of  the  cylinder.  .43403  X  40  = 
17.3612  lb.  per  sq.  in.  on  the  top  of  the  cylinder.  Area  of 
base  of  cylinder  =  20*  X  .7854  =  314.16.  314.16  x  18.6633  = 
5,863.26  lb.,  the  total  pressure  on  the  bottom.      Ans. 

(*)  314.16  X  17.3612  =  5,454.19  lb.,  total  pressure  on 
top.     Ans. 

(1389)  Use  formula  168.  A  =  g|^=  16.931  ft.  per 
sec.      Ans. 

(1390)  (a)  Use  formula  178  and  multiply  by  7.48  X 
60  X  60  to  reduce  cubic  feet  per  second  to  gallons  per  hour. 

a=-41  Xfi  Xf'ax  32,16  X  (H)'X  7.48  X  60  X  60  = 

216,551  gal.  per  hr.     Ans. 
{A)  By  formula  179, 

^  g  _  ,615  Xi-xHXj/'ix  32.16  X  (H7_ 
"      *</  fix-H 

3.676  ft.  per  sec.     Ans. 
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(1391)  /=.0193  for  v^=12.  Therefore,  using  for- 
mula 183, 

1,040.37  ft.     Ans. 

(1392)    TjT —  =  area   of   pipe    in   sq.    ft.      Using 

formula  165, 

Q=  Av= -^ X  7.2  =  discharge  in  cu.  ft.  per  sec. 

a*  V    78*54. 

''        X  7.2  X  7.48  X  60  X  60  X  24  =  634,478  gal.  dis- 
144 

charged  in  1  day.     Ans. 

QQ   AAA 

(1393)  38,000  gal.  per  hour  =g^^  gal.  per  sec.  =  Q. 

Using  formula  185, 

24.51  Q      24.51  X  38,000      ^  ^^^^  -  . 

^m  =  — iTi-^  =  T-7i r.r.  =  S-  5526  ft.  per  sec.    Ans. 

"*  d*  5.5*  X  60  X  60  ^ 

( 1 394)  Use  formula  178. 

{a)  a=.41X*V^2^=.41xHX  4^2  X  32.11)  x(itir  = 
38.44  ft.  per  sec.     Ans. 

(6)  Q  =  -^  =  ?|i^  =  62.5  cu.  ft.  per  sec.     Ans. 
^  '  .615        .615 

(1395)  Use  formulas  167  and  169. 

(a)  V  =  ^Igh  =  i/2  X  32.16  x  45  =  53.8  ft.  per  sec.    Ans. 

(b)  2.304  X  10  =  23  ft.,  nearly  =  height  of  a  column  of 
water  which  will  give  a  pressure  of  10  lb.  per  sq.  in.  45  + 
23  =  68  ft. 


V  =  f^2^  (//,+  //)  =  4/2  X  32. 16  X  68  =  66.153  ft.  per  sec. 

Ans. 
( 1 396)     Use  formula  1 84. 

0  =  .  0408  ^/•t'„  =  .  0408  X  6' X  7.5=  11.016  gal.  per  sec.    Ans. 


HYDROMECHANICS  AND  PUMPING.        §M  | 

[  <1397)     Hcad^41~.434  =  !i4.4r  ft. 
'  Using  formula  172, 

|r=.98t^8^A'=.98/axa3.16X94.47  =  7C.39  ft.  per  sea    ' 

Aqs. 

T  (1388)  Divide  by  60  X  60  to  get  the  discharge  in  gal. 
per  sec.,  and  by  7.48  to  obtain  the  discharge  in  cu.  ft. 
per  sec 


I 


(1399)      (a)  Areaof  pump-p 
sq.  in. 

Area  of  plunger  =  10'  x  -7854  =  78.64  sq. 


=  5. 100  ft.  per  sec.    Ans. 
n  =  (J)' X.  7854  =.19635 


Pressure  per  sq.  in.  exerted  by  piston  =  pounds. 

Bence,  according  to  Pascal's  law,  the  pressure  on  the 
plunger  is  -.  ,7^^  X  78.54=  40,000  lb.     Ans. 

(d)     According  to  the  principle  given  in  Art.  2181, 

D  X  li  inches  =  lVx  distance  moved  by  plunger,  or  100  X 
1^=  40,000  X  required  distance;  hence,    the   required   dis- 


100  XH^ 

40,000 


.00375  in.     Ans. 


(140O)  (a)  Use  formula  ISO,  and  multiply  by  7.48 
and  60  to  reduce  the  discharge  from  cu.  ft.  per  sec.  to  gat 
per  min. 

a  =  .41*4^a^[+^-1^]  X  60X  7.48  = 
.41  XH  X  4^«4.3:J  [/(il  +  fjf)"  -  4/9']  X  60  X  7.48  = 
13,491.2:2  gallons  per  minute.     Ans. 
{b)  In  the  second  case, 

a  =  .-li  X  ij  X  t/iUValJ  [4/(9  +  HV  -  4^*1  X  60  X  7.48e 
13,3:^~.i.47  gallons  per  minute.     Ans. 


§  21        HYDROMECHANICS  AND  PUMPING.  7 

(1401)  Area  of  weir  =  14  X  20  -r- 144  sq.  ft.  Use  for- 
mula 166,  and  divide  by  60  X  7.48  to  reduce  gal.  per  min. 
to  cu.  ft.  per  sec. 

/  ^  Q  13,491.22X144  ,^  .«., 

(a)  v^=^=  eox7.48Xl4x20  =  ^^'^^  ^''  ^^'  '^^^^ 

...       13,322.47X144  ,.o«.  ^.  a 

(*)  7^7^ — hrr^ Ti KT.  =  15.264  ft.  per  sec.     Ans. 

^  '  60  X  7.48  X  14  X  20  ^ 

(1402)  In  Art.  2197  it  is  stated  that  the  theoretical 
mean  velocity  is  f  4/2^//.     Hence, 


v^  =  f  >/2  X  32.16  X  3  =  9.2G  ft.  per  sec.     Ans. 

(1403)  (a)  4   ft.   9   in.  =4.75   ft.      19-4.75  =  14.25. 
Using  formula  1 70, 

R  =  VT^7=  ^4:  X  4.75  X  14.25  =  16.454  ft.     Ans. 

(*)  19 -4.75  =  14.25  ft.     Ans. 

(c)  19  -^  2  =  9.5.     Greatest  range  =  -/4  X  9.5*  =  19  ft. 

Ans. 

(1404)  Use  formulas  182  and  186. 

«'-  =  2.315  f^  =  2.315  /o.;f^^if3o,  =  4.54  ft.  per  sec. 

From  the  table,  /=  .023  for  v,^  =  4,  and  .0214  for  v^  =  6. 

.023  -0214:  >^  54^  QQQ432,    /=. 023 -.000432  =.022568. 
2  -^ 


X  5 


G  =--  60  X  60  X  .09445  X  5'  X  V:^^^^^,00  +  .125  X  5  " 
17,368.95  gal.  per  hr.     Ans. 

(1405)  Obtain  the  values  by  approximating  to  those 
given  in  Table  45.  Thus,  for  t^„^  =  2,  /=  .0265,  and  for 
Z'„  =  3,/=.0243. 

Difference  =  .0022.  .0022  X  .37  =  .000814,  or  say  .0008. 
.0265  -  .0008  =  .0257  =/for  7',,.  =  2.37.     Ans. 

.0243  -  .023  =.0013.  .0013  X  .10  =.000247,  or  say  .0002. 
.0243  —  .0002  =  .0241  =/for  v^  =  3.19.     Ans. 


p 
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-.02U=.0l.Uii.      -'^X  I.i*  =  .<Mll«,    or    say.0014.J 
.0014  =  .0216  -/for  v^  =  5.8.     Ans. 
.0214  — .0206=. OOOa.     ^— ^  X  1.4  =.00003,   or  say  .( 
.0314  -  .0006  =  .0208  =/  for  i-.  -  7.4. 

.0205-.015lS  =  .(XH2.      ^^^  X   1.83  =  .000649,     or    safj 
.0005.    ..0305  —  .0005  =  .03  =  /  for  i-.  =  9.83.     Ans. 

.0205 -.0193  =.0013.     ^^^^  X  8.5  ^.00105,    or   say  .0011., 
205-.0011  =  .01'J4=/fori/.  =  11.5,     Ans. 

(1406)  The  specific  gravity  of  sea-water  is  1.030  (see    ' 
table  of  Specific  Gravity) ;  hence,  the  weight  of  a  cubic  fool 

water  =  1.026  X  62.5  =  ti4.1  lb. 
Total  area  of  cube  =      '^     sq.  ft.     1  mile  =  5,280  ft. 

Hence,  total  pressure  on  cube  =  — '-rjj —  X  5,380  x  3.5  X 
1  =  6,441,609.26  lb.     Ans. 

(1407)  (*)  The  pressure  per  square  inch  equals  the 
weight  of  a  volume  of  water  1  in.  square  and  13  in.  high; 
that  is,  it  equals 

1  X  1  X  .03617  X  13  =  .434  lb.,  nearly.     Ans. 
{a)  Total  pressure   on  the  bottom  =  area  of  bottom  in 
square  inches  multiplied  by  the  pressure  per  square  inch  = 
8'  X  .7854  X  .434=21.83  lb.     Ans. 

{I408)      8,000  gal.  per  hr.  =  ^^,  or  133 J  gal.  per  m in. 

Plunger  speed  per  min.  =  7  x  10  =  70  ft.  Applying  for- 
mula 190  and  substituting. 


</=5.535y  ^  =  5.535 


(1409)     See  Art.  2266. 


^  = 


/I33i  . 


(1410)  The  height  to  which  a  pump  will  lift  water  is 
directly  proportional  to  the  atmospheric  pressure;  that  is, 
proportional  to  the  length  of  the  mercury  column. 
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Letting  x  represent  the  height  to  which  the  pump  will 
lift  the  water  on  top  of  the  mountain,  we  have  the  propor- 
tion, 30  :  22  ::  25.5  :  x,  or  ^x  =  22  X  25.5;  whence,  x  = 
18. 7  ft.     Ans. 

(141 1)  Area  of  dam  =  40  X  12  =  480  sq.  ft. 

J  X  12  =  6  ft.,  depth  of  center  of  gravity  below  the  level 
t»f  the  liquid. 

The  total  pressure  on  the  dam  =  40  X  12  X  6  X  62^  = 
180,000  lb.     Ans. 

(1412)  (a)  Apply  formula  1 90. 

dz=z  5.5354/^1^  =  15  inches.     Ans. 
(i)  Use  formula  1 95. 

//,  =  .35  /^  =  .35  4/750  =  10  inches.     Ana 
{c)  Use  formula  1 96. 

<  =  .  25  4/^  =  .  25  4/750  =  7  inches.     Ans. 

(1413)  First  obtain  the  coefficient  of  friction  from  for- 
mula 1 82  and  Table  45. 


..  =  2.315 /|^  =  2.315 /I|||I  =  7.82  ft.  per  sec. 

From  the  table,  /=  .0214  for  v^  =  G  and  .0205  for  v^  =  8. 

.0214  — .0205       ^^^_  ,  ^  .  r      1     -^ 
=  .00045  decrease  for  an  mcrease  of  velocity 

of  1  ft.  per  sec.     7.82  —  6  =  1.82. 

.00046  X  1.82  =  .0008,  nearly,  total  decrease.  /=.0214 
-  .0008  =  .020G. 

To  obtain  the  discharge  in  gal.  per  sec,  substitute  this 
value  of  /  in  formula  186,  and  multiply  by  GO  X  60  to  get 
the  discharge  in  gal.  per  hr. 

G  =  . 09445^^/^7::^;^ 

•«^  X  «'  X  ^^ni20G3r840 +-T2-5^  X  CO  X  60  = 

44,653.  G  gal.  per  hr.     Ans. 
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(1^«14)    Htkeareaioftlietidiekfsct  in.,  andtfaatof 
IhecyiiBderlMI  aq.  iii.9mfone  oCW  Ih.  on  the  small  piston 

va  nisa  m  vci$|^  of  y  x  80  ^  19^800  Ih.  on  the  large 

fhtfw  Shaoe  tlie  lengA  hetveea  the  hand  and  tl^  fidcnim 
is  f^  tisaes  the  dwlanrr  hdwem  the  pbton-rod  and  the 
fakna^  m  inroe  of  80  Bn  on  the  end  of  the  lever  will  raise 
mvcq{^  of  T|X  19^800=  98,000  Ik    Ana[ 

fl^ttS)    (a)  Usinc  fbramla  190!, 

^4|in.. 


'^^SSii^ 


XUO 
{Q  Uaa  ionmia  IINL 

i(  s  ^aiy^ss  .85  VSm  s  8  in. 
1^  Use  ionanfai  196b 

d;  ==  .85^7=  .SSyiOO  s  81^  in. 

(if)  Applyini;  ionnala  192  and  sidwultmii^fc 
i7=s.00088<;il  =  .00088x800x8IO=:l»H.P.     Attk 

(14L16)  (d)  Since  the  pressure  exerted  by  a  column  of 
water  1  foot  high  =  .-4^  lb.  per  sq.  in.,  the  pressure  exerted 
by  a  column  of  water  :ilO  ft,  high  =  210  x  .434=  91.14  lb. 
per  sq.  in.     Ans. 

{6)  Applying  formula  167  and  substituting, 

V  =  ^^^gk=z  4  ^  X  32.10  X  210=  116.22  ft.  per  sec.     Ans. 

(1417)  To  calculate  the  diameter  of  the  steam-cylinder, 
we  apply  formula  1  dJL  But  we  must  first  obtain  the  value  of 
H^  or  the  horsepower,  by  formula  192.    H—  .00038  Gh. 

Substituting,  7/ =  .00038  X  ^^^  X  240  =  41.04  H.  P.  for 

41  04 
both  sides  of  the  pump.      — ^ — = 20. 52  H.  P.  for  each  side. 

Substituting  in  formula  194, 

D=20bS  ^^^^  =  lOf  inches.    Ans. 
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Apply  formula  190* 

27  000 
27,000  gal.  per  hr.  =  — ^- — ,  or  450  gal.  per  min.  for  both 

60 

sides.      —^  =  225  gal.  for  one  side  =  G. 

rf  =  5. 535  Y-^  =  5. 535  y^  =  8i  inches.     Ans. 

(1418)  {a)  A  column  of  water  1  foot  high  and  having 
a  cross-section  of  1  sq.  in.  weighs  .434  lb.  Hence,  the  pres- 
sure per  sq.  in.  at  the  bottom  of  the  stand-pipe  =  .434  X 
70  =  30.38  lb.  per  sq.  in.     Ans. 

{d)  At  a  distance  of  30  ft.  from  the  top  of  the  water  the 
pressure  is  .434  x  30  =  13.02  lb.  per  sq.  in.     Ans. 

(1419)  See  Art.  2216. 

(1420)  {a)  Apply  formula  191. 

G  =  .03264  rf"  S  =  .03264  X  14'  X  100  =  639.744  gal.  per 
min.  due  to  one  side  of  pump.  639.744  X  2  =  1,279.488  gal., 
total  discharge  per  minute.  1,279.488  X  60  =  76,769.28  gal. 
per  hour.     Ans. 

{d)  To  obtain  the  height  to  which  water  can  be  raised,  we 

apply  formula  193;  but,  before  we  can  substitute  in  this 

formula,  we  must  obtain  the  horsepower  by  applying   the 

PLAN 
formula  H  =  .      Remembering  that  Lx  N  •=  piston 

00,000 

speed,  we  have 

^_  45  X  22'  X  .7854  X  100  _  ^,  ^^,,  ^    p 
^= 33;000" =  ^^-^^^^  ^    ^' 

Substituting  in  formula  193, 

k  -        ^        -  ^^'^^^^^  _  213  22  feet      Ana 

^  -  .00038  G  -  .00038  X  639.744  "  ^^^'^^  ^^^^'     ^^' 

(1421)  307  X  .434  =  133.238  lb.  per  sq.  in.     Ans. 

(1422)  The  time  of  making  the  stroke  depends  simply 
on  the  acceleration  of  the  pit-work,  which  in  turn  depends 
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solely  on  the  difference  between  the  weight  of  the  pit-worlc 
and  water  column  minus  the  frictional  resistances.  Now,  if 
this  difference  is  too  great,  the  stroke  will  be  made  too 
quickly  fi>r  safely  and  convenience,  aiid,  to  obviate  this,  the 
weight  of  the  descending  pit-work  must  be  made  less  or  the 
weight  of  the  ascending  water  column  greater.  This  is  ac- 
complished by  balancing  the  pit-work,  as  explained  in  Arts. 
2247  to  2249. 

(1423)     First  find  the  value  of  /  from  Table  45. 

/=  .0243  for  v^  =  3  and  .023  for  v^  =  4. 
Difference  =  .0013.       3,3  -  3  =  ,3.       Then,    .0013  X  .3  = 
.00039,  total  decrease.     /=  .0243  —  .00039  =  .0»a9l. 
Substituting  in  formula  183, 

-Si- 


I 


;r  +  .0333p_'=: 


.02391  X  2.0(JO  X  (3.3/ 


i  X  2.5 


-:-"-/-  +  . 0233X  (3.3)'  =  39.13  ft.     Ana. 


(1424)  (6)    80,000  gaL   per  hr.  =  ?^^  =  1,333*  gaL 
per  min. 

To  obtain  the  actual  horsepower,  apply  formula  192. 
/r=  . 01)038  C;  A  =  .00038  X  1,333^  X  420  =  212.8  H.  P.    Ans. 
(a)  The  theoretical  horsepower  =  }.x  312.8  =  141.87  H.  P. 

Ans. 

(1425)  Applying  formula  187  and  substituting, 

^ ^  m^Ci  ^  go.5x3yox8»o^,.^,„.,„  ,,  .„ 

Ana. 

(1426)  We   first   calculate   the   value  of  /  from   for- 
mula  182  and  the  table. 


4/M^  ^^^ 

.023  X  <>,50i> 


1  2. 3151 


From  the  table,  /—  .0214  for  7'„  =  6  and  .0205  for  v„  =  8. 

.02U--O2O.'J  „„„,,        J  t  ■  . 
=  .00045  =  decrease    for    an    mcrease    of 
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velocity    of    1    ft.    per  sec.     .00045  X  .507   ft.    per  sec.  = 
000268,  total  decrease.     .0214  —  .000268  =  .02113  =/. 
Substituting  in  formula  182, 

T'   =  2.315  V ^^^^  ^  ^ =  7.17  ft.  per  sec.     Ana 

"      ^      ""^  .02113X6,500      '•^'^^•1^    ^^'     "^^^ 

(1427)  {a)  See  Art.  2290. 
Head  =  45  X  2.304  =  103.68  ft.     Ans. 

(b)  2.304  X  86  =  198.144  ft.     Ans. 

(c)  2.304  X  108  =  248.832  ft.     Ans. 

(1428)  (b)  Applying  formula  191  and  substituting, 
G'=. 03264^' 5  =  .03264  X  15'x  100  =  734.4  gal.  per  min.  Ans. 

{a)  To  calculate  the  diameter  of  the  steam-cylinder,  we 
first  obtain  the  horsepower  from  formula  192)  then  sub- 
stitute in  formula  194. 

H=  .00038  G*//  =  .00038  X  734.4  X  310  =  86  H.  P. 


(1429)  Applying  formula  167  and  substituting, 

T'=  4/2^//  =  4/2  X  32.16  x~T:r7  =  29.6H5  ft.  per  sec.     Ans. 

(1430)  According  to  Pascal's  law,  the  pressure  per 
square  inch  on  each  piston  is  the  same.  In  order  that  the 
weights  shall  balance,  they  must  be  proportional  to  the  area 
of  the  piston.     Hence,  we  have  the  projx>rtion 

5.    fVO     ..    «)•>    •     1' 

X  = — ^,  or  321.2  lb.     Ans. 

0 

(1431)  As  the  lips  are  applied  to  the  tube  and  the  breath 
drawn  in,  the  air  in  the  tube  above  the  surface  of  the  water 
is  drawn  into  the  mouth,  and  a  partial  vacuum  in  the  tube 
is  the  result  of  the  operation.  Now,  as  there  is  very  little 
pressure  on  the  water  in  the  tube,  and  as  the  water  outside 
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the  tube  is  exposed  to  the  pressure  of  the  atmosphere,  147 
lb,  per  sq,  in.,  the  water  must  be  forced  up  the  tube  by  the 
greater  pressure  of  the  atmosphere.  The  action  known  as 
suction  is,  therefore,  only  a  manifestatioa  of  atmospheric 
pressure. 

(1432)     (a)  Applying  formula  19t  and  substituting, 

C=  .032C4d".V=  .033G4  X  ll'X  100  =  394.9W  gal,  per  min. 

394,944  X  fiO  =  23,696.61  gal.  per  hour.     Ans. 

{c)  Use  formula  192. 
/r=.00038  £7A  =.00038  X  394.944  X3(W  =  45.024  H.  P.  Ans. 

{d)  Applying  formula  1 94, 


/)  =  S0S»/^=205V'ji^i^  =  lHincl»s.     Ans. 

(1433)  Because  the  water  helps  to  fill  up  the  pores  in 
the  flat  surface  and  the  glass,  thus  creating  a  partial  vacuum 
between  the  surfaces. 

(1434)  First  finding  the  value  of  /  by  formula  182 
and  Table  45,  we  have 

11.3  ft.  per  sec.,  nearly. 
Prom  the  table, /=. 0206  for  w.s:  8  and  .0193  for  v^  =  l%. 
-=  .0003,  decrease  for  an  increase  of  1  ft. 


.0205 -.01^3 


per  sec. 

.0003  X  3.3  =  .00099,  total  decrease. 

/=  .0205  -  .00099  =  .01951. 

To  obtain  the  discharge  in  gal.  per  sec,  substitute  this 
value  of  /  in  formula  186. 


G  =  .  09445^ 


j/         ^^ 

'   //+.135<^ 


,J  15X3.5 

'     (1 


.09445  X  (3.5)-  V  ;  oiitsTxlS +:  185  X  3. 5  =  »"'  «="'•  ''"" 
5.711  X  «0  =  342.66  gal.  per  min.     Ans. 
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(1435)  {a)  To  obtain  the  diameter  of  the  steam-cylin- 
der, we  calculate  the  horsepower  from  formula  192)  then 
substitute  in  formula  194. 

I/=  .00038  G/i  =  .00038  X  300  X  225  =  25.65  H.  P. 


{d)  Applying  formula  190  and  substituting, 

^/==5.535i/^=5.535|/|^===9Jin.    Ans. 

(c)  Assume  the  number  of  strokes  per  minute  to  be  110; 
then,  stroke  =  \^  =  1  ft.  =  12  in.     Ans. 

(d)  Use  formula  195. 

^/,  =  .354/5"=  .354/300  =  6  in.     Ans. 
{e)     Apply  formula  196. 

<  =  .25  4/5  =  .25  4/300  =  4^  in.     Ans. 

(1436)  (a)  To  obtain  the  theoretical  discharge,  apply 

formula  167.     v  =  V2j7i  =  4/2  X  32.16  X~i5775  =  31.83  ft. 
per  sec,  since  15  ft.  9  in.  =  15.75  ft. 
31.83  X  60  =  1,909.8  ft.  per  min. 

Area  of  orifice  =  11.2  sq.  in.  =  -  -^  sq.  ft. 

144 

To  calculate  the  theoretical  quantity  in  cu.  ft.  per  mill.| 

substitute  in  formula  Q  =  A  v. 

11  2 
Q  =  — fr-  X  1,909.8  =  148.54  cu.  ft.  per  min.     Ans. 
144 

{d)  Applying  formula  1  74  and  substituting, 
(2«=.615  X  ^4/2  X  32.16  X  15^  =  1.5224  cu.  ft.  per  sec. 
1.5224  X  60  =  91.344  cu.  ft.  per  min.     Ans. 

(1437)  Because  if  any  air  be  left  in  the  siphon,  it  will 
exert  a  pressure  on  the  water  in  the  arms  of  the  siphon  that 
will  exactly  balance  the  atmospheric  pressure  on  the  surface 
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of  the  wmttt*  aat8ide»  wliich  tends  to  force  the  water  np^ 

tibearmsw  ^^.^^^ 

nier^ore^  the  wmter  in  each  arm  is  in  equilibrium,  amT^^ 
no  motioii  can  take  plaot.    As  scxm,  however,  as  the  air       ^ 
is  eipeDed,  etth^*  by  filling  the  mphon  with  water  or  by 
pmtafiag  the  air  <nity  the  water  is  no  longer  in  equilibrium, 
and  win  htfpxt  to  flow. 

(1438)  Piston  qpeed  per  minute  =  9  X  5  ==  45  ft. 
(«)  Applying  fwmula  191 , 

ffs=.08M4^5s5.0«M4xl9'x45r=raO.MgaLpermin.  Ans. 
(»)  SaaMx  60  ^81,8144  gaL  per  hr.    Ans. 

(1439)  Applying  formula  187  and  substituting, 

^     BU.6Gk    885.8 X 80,000 XS40     ^^...^^  ,-      . 
X/ss m — = ^g s=  58,81^000  rt.*lb.   Ans. 

(1440)  SeeArt.220a 

(tf)  2.304  X    80     =184.33    ft.  Ans. 

(*)  2.304  X    30.5=    70.272  ft,  Ans. 

(r)  2.304  X  108     =  248.832  ft.  Ans. 

(r/)  2.304  X  215     =495.36    ft.  Ans. 

(1441)  Applying  formula  191  and  substituting, 

G=  .03264^/*  5  =  .03264  X  14*  X  100  =  639.744  gal.  per  min. 

639.744  X  60  =  38,384.64  gal.  per  hr.,  the  delivery  for  one 
side. 

Total  delivery  =  38,384.64x  2  =  76,769.28  gal.  per  hr.  Ans. 

(1442)  /=  .0205  for  r^  =  8. 
Substituting  in  formula  183, 

*- 5:363  + -^-^^ ' -  -  5.36  X  4  +-0233X8  _ 

^^  +  1. 49  =  307.46  ft.     Ans. 
«1.44 
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(1443)  Since  the  area  of  the  orifice  is  greater  than 
^  of  the  area  of  the  cross-section  of  the  vessel,  we  use 
formula  171. 


2  X  32.16  X  12 
v  = 


^___  (11  X  11) 


\'     "^  1-  .0141 


(30"  X  .  7854)" 
27.979  ft.  per  sec.     Ans. 

(1444)  Applying  formula  187  and  substituting, 

^      835.5  g//      835.5  X  4,000,000  X  125       ..  oqq  Am  ff    IK 
D  = ^p = --^ =  55,998,660  ft. -lb. 

'  Ans. 

( 1 445)  Force  available  to  accelerate  the  moving  mass  = 
20  — (12  +  3)=  5  tons  =  /';     Weight  to  be  accelerated  =  20 -f 

12  =  32  tons  =  IV,    By  formula  1 88,  acceleration =/=^j;^  = 

32.16X5      ^^^^., 

— =  5.025  ft.  per  sec. 

By  formula  1 89,  t  =  y^  =  y  ^^^^  =  1.995  sec.  =  time 

occupied  in  passing  over  10  feet.     This  is  at  the  rate  of 

-^^  X  60  =  300  ft.  per  min. 

Since  the  speed  must  not  exceed  200  ft.  per  minute,  the 
pit-work  must  be  counterbalanced.  Suppose  a  counterweight 
of  2  tons  be  tried,  assuming  that  the  frictional  resistances 
are  not  increased. 

Then,     force  =  F=  20  -  (12  +  3  +  2)  =  3  tons. 
Weight  =  20  +  12  +  2  =  34  tons. 

^      ^F       32.  IG  X  3      ,,  ,,,  , 

7  =  —rr  = :r\ =  ^'^^  ^^'  P^^  ^^^' 

VV  o-± 

-.  i/^^   ./2">ri6   ^  ^^  , 

/  =  y  -^  =  y  —^r-^T~  =  2-^5  scc,^  nearly. 
—  X  00,=  226.42  ft.  per  sec. 


2.65 

24—41 


1-18 


HYDROMECHANICS  AND  PUMPING. 


SSI 


This  speed  is  also  too  great,  so  we  will  try  a  counterbalance 
|'<af  Si  tons. 

Force  =  A=  30  -  (13  +  3  +  2^)  =  H  tons. 
Weight=II'=30  +  ia  +  3i=34itons. 


,     s''     33.1G  X  H 


( 


2.9J 


This  is  near  enough  for  practical  purposes,  but  if  a  coun- 
I  terweight  of  4.6  tons  be  tried,  it  will  reduce  the  acceleration 
f  *o  that  the  speed  of  the  pit -work  is  almost  exactly  200  ft. 
f  per  min, 

(1446)  By  the  difference  of  cylinder  volumes.  The 
tfteam    is   admitted    into   the    high-pressuj| 

Lausted  into  the  low-pressure  cylinder^^ 

(1447)  See  Art.  2269. 

(1448)  Apply  formulas  195  and  196. 
/70,000 


-  =  13  in.     Ans. 


Applying  formula  192, 
H=  .00038(7//=  .00038  X  - 


60 


-  X  480  =  3(J4  H.  p.      Ans. 


(1450)  Apply  formula  184. 

3=  .0408rt"T'„  =  .0408  X  7'  X  .721  =  14.414338  gal.  p 
14.414233  X  CO  X  CO  =  51,891.24  gal.  per  hr.      Ans. 

(1451)  See  Art.  2260, 
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(1452)  See  Art.  2271. 

(1453)  See  Arts.  2225,  2226,  2259,  2271,  and 
2280. 

(1454)  200  ft.  per  min. ;   400  ft.  per  mln. ;   100  ft.  per 
min. 

(1455)  Applying  formula  191  and  substituting, 

G  =  .03264^*  5  =  .03264  X  15'  X  95  =  number    of    gal. 
per  min. 

.032G4  X  15'  X  95  X  60  =  41,860.8  gal.  per  hr.     Ans. 

(1456)  See  Arts.  2250  to  2254. 

(1457)  Applying  formula  172  and  substituting, 

V  =  .98  ^'Igh  =  .98  4/2  X  32.16  X  69.12  =  65.34  ft.  per  sec. 

Ans. 

(1458)  (a)  Area  of  piston  =  (J)'  X  .7854  =  .6013  sq.  in. 

50 
Pressure  per  sq.  in.  exerted  by  piston  =  -77777-^  =  83. 15  lb. 

.uOlo 

A  column  of  water  1  foot  high  and  of  1  sq.  in.  cross-section 

weighs  .434  pound,  and  therefore  exerts  a  pressure  of  .434 

pound  per  sq.  in.     The  height  of  a  column  of  water  to  exert 

83  15 
a  pressure  of  83.15  lb.  per  sq.  in.  must  be — r^  =  191.6  feet. 

.4o4 

Consequently,  the  water  will  rise  191.6  feet. 

The  diameter  of  the  hole  in  the  squirt-gun  has  nothing 

to  do  with  the  height  of  the  water,  since  the  pressure  per 

square  inch  will  remain  the  same,  no  matter  what  may  be 

the  diameter. 

(^)  Using  formula  1 70, 

7?=:^4//7  =  /4x  10  X  191.6  =  87.54  ft.     Ans. 
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(1450] 

1     See  Art 

.  2298. 

(1460] 

1     See  Art 

.  2299. 

(1461] 

1     See  Art 

.  2300. 

(1462] 

)     See  Art 

.  2301. 

(1463] 

>     See  Art 

.  2303. 

(1464] 

1     See  Art 

.  2304. 

(1466] 

)     See  Art 

.  2305. 

(1466] 

)     See  Art 

s.  2305  and  2311. 

(1467] 

)     See  Art 

.  2306. 

(1468] 

1     See  Art 

.  2307. 

(1469] 

1     See  Art 

.  2308. 

(1470] 

1     See  Art 

.  2309. 

(1471] 

)     See  Art 

.  2310. 

(1472] 

)     See  Art 

.2311. 

(1473] 

I     See  Art 

2312. 

(1474] 

)     See  Art 

.  2312. 

(1475] 

)     See  Art 

2312. 

(14761 

I     vSee  Art 

.  2313. 

(1477] 

I     See  Art 

.  2314. 

(1478] 

1     As  the 

hold  or  grip  increas 

square  of  the   number  of  coils,  the  proportion  of  grip  the 
latter  will  have  compared  with  the  former  is  as  2'  :  4*,  or 

§22 
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:  16;  that  is,  the  rope  turned  four  times  around  the 
drum  win  have  4  times  the  grip  or  hold  that  the  rope  coiled 
twice  around  the  drum  has.     See  Art.  2315. 

(1479)  It  would  equal  two  complete  coils  on  one  wheel, 
and  the  grip  or  Haulage  power  would  be  four  times  that  of 
I  single  cnil  around  one  wheel.     Sec  Art.  2316> 

(1480)  See  Arts.  2317  and  2318. 

(1481)  See  Art.  2319. 

(1482)  See  An.  2320. 

(1483)  See  Aru  2321. 

(1484)  See  Art.  2322. 

(1485)  60  1b.     See  Art.  2324. 

(1486)  See  Art.  2324. 

(1487)  See  Art.  2325. 

(1488)  Applying  formula  197,  we  have 
3.500 


.12  X  :i,5IKI  +  - 


40 


=  607 


5  U-.      Ans. 


(1489)  See  Art.  2327.  By  adding  the  weight  of 
the  empty  car  to  that  of  the  loaded  car  and  dividing  the 
sum  by  the  coefficient  of  friction,  or  40. 

(1490)  Applying  formula   197,  we  have  .F,  =  .10X 

4,200 


4,300+- 


40 


=  525  lb.,  the  force  required  to  move  the  rope. 


Applying  formula  199,  we  havei^=.10x  (4,000-1,800) 

4,000  +  1,800       „^  ,.      ,,  .,   ,  ,  ..     ,  ,       , 

■—— J—! =  75  lb.,  the  available  gravity  force  due  to 

one  pair  of  cars.     Therefore,  the  number  of  cars  that  must 
lun  in  a  train  is  525  -4-  75  =  7  cars.     Ans. 


(1491) 
(1492) 


See  Art.  2328. 

The  rope  weighs  250  x  1.5  = 


375  lb.     Applying 


formula   197,  we  have  F,  =  .25  x  375  +  - 
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the  power  necessary  to  raise  the  rope.  Applying  formula 
199,  and  assuming  that  the  loaded  car  is  at  the  bottom  of 
the  jig  and  the  balance  car  at  the  bottom  of  the  plane,  we 

have  F^  .25  (4,000  -  2,900)  -  ^^^^^ +J'^^^  =  IO2.5  lb.,  the 

available  gravity  force  at  the  descent  of  the  full  car.  Now, 
as  it  requires  103.125  lb.  to  move  the  rope,  and  there  is 
only  102.5  of  gravity  force  available,  it  is  plain  that  this  jig 
will  not  operate. 


(2 


1493 
1494 

1495 

X  1,800 


40 
1496 
1497 
1498 
1499 
1500 
1501 
1502 
1503 
1504 
1505 
1506 
1507 
1508 


•  See  Art.  2328. 

See  Art.  2329. 

See  Art.  2329. 
+  1,200 


+  .25  (2  X  1,800  +  1,200)  =  1,320  lb. 


Ans. 


See  Arts.  2330  and  2331, 

See  Arts.  2332  and  2333« 

See  Art.  2337. 

See  Art.  2339. 

See  Art.  2340. 

See  Art.  2342. 

See  Art.  2343. 

See  Art.  2343. 

See  Art.  2344. 

See  Art.  2345. 

See  Art.  2346. 

See  Art.  2347. 

Applying  formula  200, 


T=  (JjXi:!M+(^.000x.88)_^^^^^3  ^  4.000+5.000X  .88). 


5,730  lb.     Ans. 


4  MINE  HAULAGE.  JW 

(1 509)  The  velocity  of  the  train  is  ^°  \q'^^  =  880  ft- 
per  mill.  9S0  X  fi,730  =  5,043,400  =  foot-pounds  of  work 
per  minute  required  of  the  engine.  5,042,400-;- 33,1)00  = 
l.'ia.S  H.  v.     Ans. 

(1510)  See  Art.  2349. 
(tSll)     See  Art.  2350. 

(1512)  See  Art.  2351. 

(1513)  The  weight  of  the  rope  =  3,000  X  2  X  .88  = 
6,280  1b.  The  weight  of  25  empty  cars  weighing  1,500  ]b. 
each  =  1,500  X  25  =  37,500  lb. ;  therefore,  the  resistance  due 

to  friction  =  ''"'^^^^^^'''^'^^  =  l.OGO.S  lb.     The   resistance 

40 

due  to  gravity  =  37,500  X  .05  =  1,875  lb.     Then,  l,06n.5  -|- 
1,876  =  2,944.6  lb.,  the  tension  on  the  rope.      13  miles  per 

hour  = — =  1,056  ft.  per  mmute. 


60 

1.051?  X  2,044.5  _ 

33,000 


!)4.3  II.  P.      Ans. 


Or,  by  formula  201,the  tension  can  be  found  as  follows: 

r=  ^'■'^°''  +  '■"'"'  +  .05  X  37,500  =  »,944.5  lb. 
The  H.  P.  can  be  found  hy  formula  202t  as  follows; 

(1514)  See  Art.  2354. 

(1515)  See  Art.  2355. 

(1516)  See  Art.  2356.      . 

(1517)  See  Art«.  2357  and  2358. 

(1518)  See  Art.  2358. 

(1519)  See  Art.  2359. 

(1520)  See  Art.  2360. 
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(1521)  See  Art.  2365. 

(1522)  As  the  roads  are  level,  there  is  no  tension  due 

JF-h  w 
to  grade,  and  formula  201  becomes  simply  T  =  — r^ —  = 

90,000  +  9,100      «  ,««  r  ii_       u  .       •      1 

jT =  2,477.5  lb.,  the  tension  m  the  mam  rope. 

Ans. 

To  find  the  tension  in  the  tail-rope,  the  weight  of  the 

train  of  empty  cars  is  found. 

»,,             ^       30,000+9,100      ^„^^,u       A 
Then,       7;  =  — -/ =  977.5  lb.     Ans. 

As  the  conditions  of  the  problem  require  the  maximum 
tension  on  the  rope,  we  take  that  on  the  main  rope,  or 
2,477.5  lb.,  and  applying  formula  202, 

(10  X  5,280) 
xg,4...ox  ^^^  2,180,200      ^.^.  ^   „   ^       .^ 

(1523)  Applying  formula  201,  we  have 

^      90,000+12,480   ,     ^.,       ^^  ^^^       ^  ...  iu       A 

r=  — ^ jr- '- h  .03  X  90,000  =  5,2G2  lb.     Ans. 

40 

(1524)  Applying  formula  203,  we  have 

90  (6,000  + 60)  _ 
>~  6,000  -•»»-'^.  i'- 

(1525)  As  the  gravity  force  due  to  the  pitch  of  the 
incline  reduces  the  tension  on  the  main  rope,  it  must  be 
treated  negatively.     Then,  formula  201  becomes 

r  =  i^-  -a^W=  1<1!VX10+1^  _  .04  X  100.000  = 
40  40 

—  1,324  lb.,  or  the  negative  tension  on  the  main  rope.     Ans. 

This  means  that  there  is  not  only  no  tension  on  the  main 
rope,  but  an  excess  of  gravity  force  equal  to  1,324  lb.  The 
gravity  force  in  the  case  of  hauling  the  train  of  empty  cars 
is  positive,  and  can  be  found  by  use  of  formula  201. 

T=  ^O.'^OO  +  -^^^^  +  .04  X  40,000  =  2,776  lb., 

the  tension  of  the  tail-rope.     Ans. 
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sa 


exerted  on  the  main  rope,  because,  as 
shown  previously,  the  tension  is  negative.  By  using  for- 
nnla  202>  the  horeepower  exerted  over  the  tail-rope  is 


=  81.-1  H. 


Ans, 


I 


(1526)     By   the   use  of   formula   204,  we  have  T= 
».««  X«.+ 4.000  (3.65 +  .0)  _  ^  ^  ,,^  ,^  _  j^  .,^1  ^ 

687  lb.,  the  negative  tension.     For  the 


(2,925 -3.&12) 

tension   in    the    tail-rope,  formula   205 

40.000  +  4,000  (3.  r>5  +  6) 


used.      T,  = 

+  .04  {40,000  -  12,200)  =  1,425  + 

1,112  =  2,63'(  lb.,  the  tension  on  the  tail-rope.  Now,  as  the 
tension  on  the  main  rope  is  negative,  there  is  no  power 
applied  to  it;  on  the  tail-rope,  however,  in  which  there  is 
a  tension  of  9,537  lb.  with  the  trains  running  11  miles  per 

hour,  we  have  H.P.  = .■j:r[^-. ^  "'^--^  H. P.    Ans. 


33.000 

(1527)  See  Art.  2372. 

(1528)  See  Art.  2372. 

(1529)  See  Art.  2373. 

(1530)  0,000  +  4,800-)- 

23,300        , ^ 

— ^T — =  4.6G0,  the  mean  le 

5 
practically  46  trains.     Ans. 


\ 


(1531) 


8,500 
4C  X  2.5 


^21.7,  s 


500  +  7,000  +  3,000  =  23,300; 
^.   5,280  X  13  X  10   ^^- 


Ans. 


(1532)  Allowing  J  of  the  time  for  stoppage,  the  rope 
travels  for  J  of  10  =  C|  hours,  and  hauls  coal  for  but  \  this 
time,  or  Z^  hours.  Hence,  the  distance  the  rope  travels 
while  hauling  coal  is  5,280  X  11  X  3^  =  193,600  feet,  and 
since  the  mean  length  of  the  haulage  roads,  which  is  found 
by  dividing  their  total  length  by  i,  is 
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4,250  +  3,012  +  750  +  514 


the  number  of  loaded  trains  is 


=  2,133  feet. 


HM[J2  =  90.76,  or91.     Ans. 
The  number  of  cars  in  each  train  is 


2,500 


=  11.     Ans. 


91  X  2.5 

The  weight  of  the  rope  is  equal  to  its  weight  per  foot 
multiplied  by  twice  the  maximum  haul,  or  4,250  X  2  X  1.5  = 
12,750  pounds,  and  the  weight  of  a  loaded  car  is  2,000  + 
2.5  X  2,000  =  7,000  pounds. 

Substituting  in  formula  201, 

7,000  X  11  +  12,750 


T  = 


40 


+  .03  X  77,000  =  4,653.75  pounds. 


The  speed  of  the  train  is  equal  to 

5,280  X  11      n/»o  r    ..  -4. 

-^ — — =  968  feet  per  minute. 

Applying  formula  202, 

rj      4,553.75  X  0C«       ,oo /.  u  i         a 

-"  =  "^ — ^^-T^F^x =  133.6  horsepower,  nearly.     Ana. 

o«5,000 

See  Art.  2374. 
vSee  Art.  2375. 
See  Art.  2375. 
See  Art.  2376. 
vSee  Art.  2377. 
See  Art.  2377. 
See  Art.  2377. 
See  Art.  2378. 
See  Art.  2379r 


(1533) 

(1534) 

(1535) 

( 1 536) 

(1537) 

(1538) 

(1539) 

( 1 540) 

(1541) 

f- 
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8  35 

1          {»«42) 

See  Art-  2379. 

^^ 

1           (IS43) 

S.-u  Art.  2380. 

H 

1           (1544) 

See  Arts.  2384  and  238S. 

[            (1545) 

Sec  Arts.  2384  and  2386. 

I 

f            (1546) 

See  Art.  2382. 

(1547) 

See  Art.  2382. 

H 

(1548) 

See  Art.  2387. 

■ 

1              (1549) 

See  Art.  2387. 

(1550) 

See  Arts.  2387  and  2388. 

^^M 

(1551) 

See  Art.  2388. 

■ 

(1552) 

See  Arts.  2390  to  2392. 

(1553) 

S,-e  Art.  2.1»,'5. 

S 

(1554) 

See  Art.  2395. 

^ 

(1565) 
(1558) 

See  Arts.  2397  and  2398. 

See  Art.  2401. 

(1557) 
rope  is 


By  formula  207,  the  number  of  cars  o 
1().S.1S.  say  103.      Ans. 


the 


3,500  X  5,230 
'  2  X  5,280  X  S  X  1.'5  " 
And,  by  formula  208,  the  distance  the  cars  are  apait  is 
5,230 
103.18  ' 


:  50.08  ft.     Ans. 


(1558) 
(1659) 
(1560) 
(1561) 

(1562) 


See  Art.  2406. 

See  Art.  2407. 

See  Arts.  2408  and  2409. 

Sec  Art.  2411. 


Ry  formula  207,  the  number  of  loaded  cars  on 

»u  »  .-        ■  970x4.720 

the  rope  at  one  time  if 


-  =  27.919.     The 


i.SxS.-^W)  X  10  X  1.25 
weight  of  the  loaded  cars  on  one  side  of  the  rope  will  then  be 
4,000  X  27.910  =  lll,C7(i  pounds.  Taking  the  weight  of  an 
empty  car  at  1,200  pounds,  the  weight  of  the  empty  cars  od 
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the  rope  will  be  1,200  X  27.919  =  33,502.8.     The  weight  of 

the  rope  is  4,720x2x3=28,320  pounds.       Then,  substitu- 

,.       .     .           ,0,^-7^       (111,676  +  33,502.8  4-28,320) 
ting  in  formula  2IO9  7^  = ~ ■ = 

4,337.47  pounds,  the  tension  on  the  rope.     Ans. 

A  velocity  of  2^  miles  an  hour  is  equal  to  -^ -— -^ = 

220  feet  per  minute.    Using  formula  202,  the  horsepower  is 

oo,UOU 

(1563)  As  the  two  sides  of  the  rope  balance  each  other 
and  the  cars  balance  each  other,  only  the  weight  of  the  coal 
is  subject  to  the  gravity  of  the  grade.  Substituting  in 
formula  210,  we  have 

y,^  (lll,«76+33,502JtgM20)^  0,g(l,,^e76-33.50a.8)= 
6,201.8  pounds  tension  on  the  rope.     Ans. 

The  velocity  is  -^ —      '"^      =  220  feet  per  minute.     The 

,  •      .u       f  6,291.8X220        .^  ^  , 

horsepower  is,  therefore,         ....  .. .  ^ —  41.9  horsepower. 

0.3,000  - 

Ans. 

(1564)  Substituting  in  formula  210,  we  have 

2,383.14  lb.,  the  tension  on  the  rope.     Ans. 

The  horsepower  required  is  — — ''  —  =  15. 89  horse 

power.     Ans. 

(1566)  See  Art.  2414. 

(1666)  See  Arts.  2414  and  2416. 

(1667)  See  Art.  2418. 

(1668)  See  Art.  2420.  ' 
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(1569) 

See  Art.  2422. 

(1570) 

See  Arts.  2428  I"  2430. 

(1521) 

See  Art.  2431. 

(1572) 

See  Art*.  2432  and  2433. 

(1573) 

See  Art.  2435. 

(1574) 

See  Art.  2437. 

(1575) 

See  Art.  2439. 

(1576) 

See  Art.  2440. 

(1577) 

See  Art.  2443. 

(1578) 

See  Art.  2444. 

(1579) 

See  An.  2446. 

(1580) 

See  Art.  2446. 

(1581) 

See  An.  2449. 

(1582) 

See  An.  2450. 

(1583) 

2450.    -^^^H 

(1584) 

See  Art.  2316. 

yu  VIN'E  UAI7LAGE. 

(I5«B)  Sec  Alt.  2422. 
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